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,0 The present u,ven.,o„ concents methods of perfottntng vh. exp^ston of 
gene-u»<.f,eC hentatopotetic stent ceUs which are aseht. for ntany applications 
tavolvtng bone ntarrow transplantatton and « v^vt, gene therapy. The present 
„ven.ion also tncludes the gene-tnodtfed hetnatopotetic stetn cells. 

parl<r.ROU^ '" nPTHT. INVF.NTION 

Hentatopotettc stem ceUs represent attractive targets for geoettc ntodtftcation since 
their progeny ntalte up the en,.e spectrttn, of the hentatopotettc systen^ Gene therapy 
involving stem ceUs is thus an expandtng fleld that potentially has mtportant 
appUcations in the treattttent of a wide range of diseases (Nienhuis, AW. « at. 
Career 67^^00 t ,99 111. However, dne to the inlterent qutescent nature of stem 
20 cens. re.rov.al gene transfer .s ^.ed stnce staHe ,ntegrat,„n te^u.es ceB d.vtston. 
(proved transductton of thts target cell populatton is thus one of the major goa^ of 
current gene therapy research, ,n the mouse, gene .ran,,fer and repopulatton wtth 
geneticalymodified hone marrow stem ceUs following transplantation has been 
reported ILemtscltka, IR. e, al. Cell. 45:917 (1986, and DicK, e, al. Cell, 42:71 
,5 <1985)1 mereas the level of stem ceU gene transfer and expressron are relattvely 
modest, it Iras been suffrcent to utvesfgate effects of gene expression on 
hematop^iesis (Persons, e, al. Blooi 90.1777 (1997, ), L, humans, only an extre„.ly 
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low number of transgemc stem cells persist on a long-term basis | Brenner, et ai. 
Lancet. 342: 1 1 34 ( 1993) and Brenner, et ai, Lancet. 341:85 (1993)J and Rill, et aL, 
Blood, 84:380 (1994)]. Therefore there is a need for increasing the proportion of such 
transduced stem cells tluough ex vivo expansion following transduction and/or 
5 tlirough in vivo selection approaches. 



Most current protocols for transduction of stem cells employ in vitro liquid 
suspension culture with hematopoietic growth factors. It is now well estabUshed that 
culturing murine bone inarrow cells for 4 days in the presence of defined 
concentrations of interleukin-3, interleukin-6, and stem cell factor does not adversely 

10 effect overall stem cell survival and function. However, expansion beyond this pomt 
has not proven to be beneficial and results in depletion of the reconstitution potential 
of the bone marrow graft. Cytokine-stimulated stem cells cultured in expansion 
conditions typically either undergo differentiation or programmed cell death 
(apoptosis). More mature populations such as the CFU-S and CFU-C, however, are 

15 capable of significant expansion in culture. However, these ceUs are distinct from 
stem cells and only provide short to moderate-temi repopulating ability in 
transplanted mice. In humans, the long-term culture- initiating cell ( LTC-IC) can be 
expanded in vitro with appropriate combinations and amounts of growth factors. 
LTC-ICs have recently been shown to be more mature than the SCID mouse 

20 repopulating ceU (SRC) [Dick et ai, Cell 42:71 (1985)]. SRCs are depleted m 

cultures that ai'e more than 4 days old, which is consistent with the SRC being a more 
primitive cell type. More recently, culturing hematopoietic stem cells derived from 
the AGM (a pre-Liver intraembryonic site) has been reported [Dzierzak et aL WO 
98/12304, hereby incorporated by reference in its entirety]. However, the prior art 

25 teaches at most a four-fold expansion of human hematopoietic cells [Bhatia et aL, J. 
Exp. Med-, 186:619-624 (1997)]. 



Methodology for enriching pluripotent stem ceUs in culture could have a major impact 
on treatment of blood and immune-system disorders. For example, bone marrow 
transplantation is often the only option for persons having hematopoietic and immune- 
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, ttalassenia, could also be subs.«iaUy enhanced, Tl,e,eto,e, p 

,„ cal»e would be a map,- advance for aU aspec. of ^ne „,a.ow 
:;:;::::a..e.a..eue.e„.app.cauo.,Unfo— 

„eed for such n^fhodology, herefofore, ,. ha. no. been reaW. 

..iHWe as Diior art to the instant invention. 
1 0 reference is available as pi lor ai 

SUMMARYOOmiNYEKm 

. of the present invention is a method of performmg ex vivo 
One important aspect of the present q,,, ,,,,odunent of this type 

expansion of a eene-modified hematopoietic stem ceU. u 

i:Lr— .ahe,....«-csfe™ce«wnhan.^^^^ 

,_..edhe»».,«,c — 

hematopoietic stem cell. In a preterreu 
stem cell is expanded at least 10-fold. 

.e.en.*dhelo..o„ee— a^e^^^^^^^^^^^^ 

NfT-vu ! the P-cTlvcoprotein) wlu^h l^ i-Lice acu . . 
on multidrug resistance-l(i.^.,MDR-l, the l^^i>-P cpo ID 

SEO ID NO- 1 ai.d has the ammo acd sequence of SEQ VO 
nucleotide sequence of Sbg ' 

To. inai^otherembodimentthetr— braneefflu.pump.smuruieMDR-1 
N0:2 . In anotner ^^^^ ^^^^^^^ 

wltich IS encoded by the nucleotide sequence of SEQ ID NU.. 

f SEO ID NO-6 . h. vet another embodunent the traitsmembrane eftlux 
sequence of SEQ ID NU.b ^^^^^^ 

which is encoded by the nucieuuu m 
25 pumptsmurmeMDR3vh ..^^,^^o-^ a particular embodunent 

NO-7 and has an amino acd sequence of SEQ ID NO.«. 

.,„.hasPSC833 are added to the expansion cultuie. In 
uihibitors of P-glycoprotem. such as PSLSi- , 
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yet another embodiment the transmembrane efflux pump is MRP (multidruc resistant 
protein). In still another embodiment, the transmembrane efflux pump is ttte cystic 
fibrosis membrane transponer. 

In one embodiment, the method comprises cultunng the gene-modified hematopoietic 
5 cell in the presence of one or more cytokines. In one such emboduiient the culture 
contains 5 to 300 ng/ml of the cytokine. In a particular embodunent the culture 
contains 10 to 50 ng/ml of the cytokine. In another embodiment the culture contains 
0-5 to 10 ng/ml of the cytokine. 

In one embodiment the cytokine is an early-acting hematopoietic cytokine. In a 
10 particular embodiment the cytokuie is interleukm-3. In another embodiment the 

cytokine is interleukin-6. In still another embodiment the cytokine is stein ceU factor. 
In still another embodiment the cytokine is G-CSF. In yet another embodiment the 
cytokine is GM-CSF. In stiU another embodiment the cytokine is the FLT-3 ligand. b) 
yet another embodiment the cytokuie is interleukiu-l. In still another embodiment 
15 more than one of these cytokines are present. In a particulai' embodunent 
interleukin-3, interleukin-6, and stem cell factor are aU present. 

In another embodiment of the method of perfonning ex vivo expansion of a 
gene-modified hematopoietic stem cell, the cell is expanded for at least 3 days. In 
alternative embodiment the gene-modified hematopoietic stein cell is expanded for at 
20 least 6 days. In a particular embodiment the gene-modified hematopoietic stem cell is 
expanded for at least 9 days. In a preferred embodiment the gene-modified 
hematopoietic stem ceU is expanded for at least 12 days. In a related embodiment the 
gene-inodified hematopoietic stem cell further comprises a second heterologous gene. 

In still another embodiment of the method of perfonning ex vivo expansion of a 
25 gene-modified hematopoietic stem cell, the hematopoietic stem cell is a mammaUan 
hematopoietic stem cell. In a particular embodiment the mammalian hematopoietic 
stem cell is a murine hematopoietic stem cell. In a preferred embodiment the 
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preferred emboa„«m the gene-n,adir,ed he,m.opo,e,ic «en, eel] expresses a 
splice-corrected version of the huttuin MDR- 1 , as exemplified below, 

„ another ehrbod.ment the ,t«hod comprises tr.tsduc„,g the he,„ato^,e.,c ste.nceU 
5 .,th a vtral vector that co^n^. a nucletc acid eucodmg a transtrtembrane efflux 
pump h, a pantcularembodtn^n, the transmembrane efflux pump tsMDR-l, In one 
snch etnbcdiment the vtral vector ,s a herpes simplex viral vector. In another 
embodiment ,h. vW vector ,s ^ adenov.aI vector. In stO, another embodnr^nt the 
viral vector ,s an adeno-assocated vnal vector (AAV), U, a particular embodtment 
,0 the vW vector ts a defecttve vi^s, preferably no, encoditrg a gene for a taconal 
Viral protein. 

hr an altemat.ve etnbodunent of the ,t».lK>d, t,» viral vector ,s a retrovnal vector, h, 
one such embodn«nt tte retroviral vector is an HIV retroviral vector. In another 
eml^dtntent the vector ,s a VL 30 vector, ,n ye. another embodtaten. the vector ,s . 
,5 MSCV retroviral vector. As exettpbfied belo« the retrovtra, vector can 1. a Harvey 
Murine Sarcoma Vector, In one such etnbodimem the hematopoietic stem ceU ,s 
rransduced b, be.g co-cuUured w.th a retroviral producer cell line. In stlU another 
embodtment of the method, transductng the he„«topoietic stem ceU w.th a 
transmembrane efHux ptnnp, e.,.. MDR-1, ts perfot^d .tth a DNA vector (,.e., a 
20 naked DNA) that comprises a nucleic acid encoding the MDR-1 , 

,„ . parttcular embodnnent the nucletc acd encod.ug a tr^stnembraue efflux pump. 

MDR-1. ts mtroduced ta.o the he,natopo,et,c ste.nceD wth a non-tntegratin, 
vecior e ... an adenoviral vector. Such ^ adenovnal vector would only be expressed 
transtently, dunng the pertod of ,„ vi,,„ expansion. Tins contrasts with the retroviral 
25 vector exemplified below which is integrated and expressed continuously ,n v.vt,, h, 
another embodntient, the nucleic acd encoding MDR- 1 iS m.roduced nt.o the 
hematopoietic stem cell with Murine Stem Cell Virus winch lacks the VL30 
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sequences iii the Harvey Murine Sarcoma vector [Hawky ei ai. Gene Thempv 1:136 
(1994)1. 



Tlie present invention funher provides a gene-modified hematopoietic stem cell that 
has been transduced with a nucleic acid encoding a transmembrane efflux pump, e.g. 
5 MDR-1 and has been expanded. In one embodiment the hematopoietic stem cell is a 
mammalian hematopoietic stem cell. In a particular embodiinent the hematopoietic 
stem cell is a murine hematopoietic stem cell. In a preferred embodiment the 
mammalian hematopoietic stem cell is a human hematopoietic stem cell. In another 
preferred embodiment the gene-modified hematopoietic stem cell expresses a 
10 splice-corrected version of the human MDR- 1 as exemplified below. 

In one embodiment the gene-modified hematopoietic stem cell has been expanded for 
at least 3 days. In another embodiment the gene-modified hematopoietic stem cell has 
been expanded for at least 6 days. In a particular embodunent the gene-modified 
hematopoietic stem cell has been expanded for at least 9 days, hi a preferred 
15 embodiment the geue-modified hematopoietic stem cell of has been expanded for at 
least 12 days. In a particular embodiment of this type the gene-modified 
hematopoietic stem cell has been expanded for 16 days or more. In a related 
embodiment the gene-modified hematopoietic stem cell further comprises a second 
heterologous gene. 

20 Methods of engrafting an animal with the gene-modified hematopoietic stem cell of 
the present invention are also provided. Preferably, the gene-modified hematopoietic 
stem cell has been expanded as taught herein. One embodiment comprises placing the 
expanded gene-modified hematopoietic stem cell into an animal. In one such method, 
placing the cell into the animal is perfonned by injection. In a particular embodiment 

25 more than one injection is made. In another embodiment multiple injections are made 
over the course of several days {e.g., in humans 1 to 20 days appears to be a 
reasonable range). In one embodiment the animal is a mammal. In a particular 
embodiment the mammal is a mouse. In a preferred embodiment the mammal is a 
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- , ,1 • .r..hi^ inr least thiee months, andlwre 
hutBan. Preferably the engratted cell .s stable tor at 

preferably six montte, or a year or evett longer. 

The presetu .nventton further provtdes methods of treat.g at. at..al nt need of 
rat:LforahernatopotettcstetneelUertctencyus.gam^^^^ 
3 Zr.— . I.oneembodtmet.tofthtst.ethodthehet.atopotettcstemcents 

nil .X v.. wtth a nucfetc actd encod.g a t_brane efflux put.p, 

Thetransducedl— tet.cstemceMagette-rnod.tedhernatoporet. 

ri . expanded and then engrafted .to the atur.1. . a preferred et._ 
Ther^topotettc stet. cell ts obtained .otn the annual . need of treated then 
,0 rbe.. r.sdueedwtthanucle.actdencodtngMDR.lat.dex^^^^^^^ 
11 ;eneW.edhematopotet,cstemceUtsplacedbac...o^ 
resun-iub y nrefened embodiment ot tins 

particular eml^odmtent the ainmal ts a mainmal. In a preten 

type, the mairanal is a human. 

:j— ^^^^^^^^^ 

dysfunctional cell that is aerivc treated bv the 

. la he con-ected by bone marrow transplaiuation cmi be treated by 

20 eucodes a tocuo-al P-gbbm, emhod,mem. .he «cc„d 

.„,ode. a functional adenosme denmma„. h, a,«i.... 
heterologous gene encodes a tact,o„al glucocerebtostdase. 

expanding hematopo,et,c stent ceUs ex v.vo. 



Stem cell. 
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It is a further object of the present invention to provide a method for reconstituting 
hone iTUirrow cells m an animal subject after the ainmal has undergone chemotherapy 
or radiation therapy. 

It is a further object of the present invention to provide a method for providing bone 
5 marrow cells for a human subject wlnle the human is undergoing chemotherapy. 

It is a further object of the present invention to provide a method of engrafting a gene- 
modified hematc^poietic stem cell into an animal subject. 

It is a further object of the present invention to provide a method of pertonning ex 
vivo gene therapy on an animal subject by engrafting an expanded gene-modified 
10 hematopoietic stem cell into the animal subject wherein the gene-modified 
hematopoietic stem cell further comprises a therapeutic geue. 

These and other aspects of the present invention wall be better appreciated by 
reference to the following drawings and Detailed Description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Figures lA-lB show the expansion kinetics for total cells (Figure lA) and 

drug-resistant progenitors (Figure IB) following retroviral transduction. Cells were 
maintained in liquid suspension cultures with addition of murine IL-3, human IL-6, 
and rat SCF. Figure lA shows a typical cell expansion for cells from either MDR-1 
or DHFR co-cultures. No significant difference in cell expansion was noted between 

20 these groups. Cells were removed at 6 day intervals and assayed for clonogenic 

progenitors in methylcellulose. Selective concentrations of taxol or trimetrexate were 
used to determine MDR- 1 or DHFR expressing progemtor cells respectively. Figure 
IB shows the drug-resistant progenitor population was found to expand extensively 
and typically reached 100- fold by 2 weeks. 
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P„„„s2A-2B .how .,e .ong-en. »Ba.y.. o, e.wa,„»m w.O, a.„.„ K,u.n^o. 
J L^aa,a,ea recp.n.. HW80 recip,e„. ^ere u,,ec,ed ,o. 5 .o,«c„.,ve 

J „ .„ ,6 day. La.e. *e .an. da,, we. c„a.e. wUU ,n^.«a. BO 
, : an. NBMPR-P «0 Be.«n. a. > we.. ^s,..an.p.a.,, .one. C.7 

ILt.. -e,s were ,ua..,a.e. e,e»op^res,. on eeU«,o. ace.a,e ,e., 
ZL en.raftn.n. was only seen . n«ce «ce,v.. e.pa.*. ^ne ™.ow ce« 
:lce.:„HHaMOR-U.massUow„.P.u..B,Bn.„a«™ce,^^^^^^^^ 

„, MDR 15 (•) NO «ab,e engratanem was see,, n, „«A-r»sduced (0/8, 
::r— :s>e.panaea.ne.ar.owass.own..^^^^ Shown, 
figures 2A.2B are ,™ce from 2 independenr expans,on experunents, 

Hgnres 3A-3C show represen.a.ive he.r^glob., e,ec,rophores,s ge,s from 
I,a.a.eam.e„gra.e.w,.he.p-eahone^^^^^^^^^^ 

donor marrow for transducuo 1 prin^ary recipients shown m 

rr;:Ts — ^= - 

r:Z:—e nrswererr.sp,anre.w.rh.^^^ 
30 Pe— o.onorengra.„.n..o.w.g^^^^^^^^^^^^^^ 

proof of srem ceU en.rafr^n., as shown . Bgur 

. - • -f^rPdvcoprotein (Pep) expression in red blooa ecu. IT. . 

r : : were s.aa.e. w.rh a n— .o — 

;pfoJ...^CSana.s,sforrhePee— M 

. • u xjoT^HTT^ transduced marrow (DHt^K i; ii> ^lu 
r1::r:;Xl:Lposr-.rarrsp.an.ae.r„n^^^^^^ 

eeU, men co.ec.ea for the percen, donor red ceUs presenr 



red blood cells. 



wo 99/61589 PCT/US99/1 1825 

10 

Figures 4A-4C show the coinpetitive repc^pulation assay to determine the relative stem 
cell content of ex vivo expanded hont marrow versus fresh non-expanded marrow. 
C57 donor bone marrow cells were transduced with HaMDR-I . HW80 donor hone 
marrow cells were transduced with HaDHFR. Cells were expanded for 12 days in 
5 culture then combined according to liind liinb volume. 0.005 vols, expanded cells 

were competed against 0.25 vols, of fresh competing marrow. MDR- 1 expanded cells 
effectively competed against fresh HW80 marrow (Figure 4A, left). DHFR-expauded 
marrow was completely out competed by fresh C57 marrow (Figure 4 A, middle). 
When MDR-1 (C57) was competed against DHFR (HW80) at equal vols, mice 
10 reconstituted solely with MDR-1 marrow, indicating a much greater stem cell content 
(Figure 4A, right). The comparison of the bands for the distmctive Hb pattems of 
C57 and HW80 are shown in Figure 4B, Figure 4C shows the Hb patterns m recipient 
mice (lanes 1-10) as analyzed by Hb electrophoresis. 

Figure 5 shows the secondary CFU-S analysis for HaMDR-1 marked primitive 
15 hematopoietic cells. At time points from 10 to 24 weeks post- transplant, primary 
recipients from MDR vs. DHFR competitive repopulation mice (n=6) and MDR 15 
were sacrificed and bone marrow cells were injected into secondary recipients. Day 
12 CFU-S were harvested and DNA was prepared for Southern blot analysis. DNA 
was restricted with EcoRl and probed with an MDR-1 specific probe. A band of the 
20 correct size was seen in all CFU-S examined (88/88) from 7 individual mice. 56 
representative examples are shown. Negative controls included CFU-S from mice 
transplanted with untransduced bone marrow. All 10 of these (4 shown) did not 
contain HaMDR- 1 retroviral DNA. 

Figure 6A shows the kinetic analysis of HaMDR-1 transduced stem cell expansion. 
25 Bone marrow cells were transduced with the HaMDR-1 retrovirus and expanded for 
the indicated time points. HaMDR cells (0.02 vols/HW80 background) were 
combined with fresh competed marrow (0.25 vols/C57 background) and injected into 
lethally irradiated mice. Unexpanded MDR-1 bone marrow (day 0) did not out 
compete fresh nwrow\ However, expansion for 3 to 12 days resulted in a progressive 
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,,0 21 a-i 26. DNA ^vas r«mc.cd w„h EcoRl and probed w„h a 
.:;„.„...pec.. prow T,« apprcpna. ..ds .d,ca.d a„ a„o« ..d, 
5 C57 (*.le) and HW80 (dM.se,, The .eve, of ,^,^ho-n,ye,o,d eugral„«,u 
de.en*;d DNA ana„s. c„„e,a,es very «e« .he ,e,e. of e„gra.„»n. 
de,en™ned m the erychro,d toeage by hemoglobu, elec„ophores,s. 

,A .how. .he Uneoc. of wh„e Hood ce,, e,eva..o„ ,„ ,™ce e,>grahed wUh 
«Ud ho„e n.a.0., ^,e WBC coun. fo. a« ,0 engrafed ..e .o™ F,s„es 6V 
,0 sLe sho.h a. ,hey ^e. e,a.™„ea senary. M,ce .yp,ca„y had a ,o,. ,a.e„, pe , 

S „o„hs ,a.f. TWO ..e .o. .h.. expenn.„, — -g-.™ 
^,n.ue ,0 have .on», WBC counts a. u... po,«s 8.5 ™ud. pos,-.ra.,spl.n,. 
p,.„e 7B shows WHah.-s.a^ed ^nphe.a, b,„od s„.a. fro.n ,n.ce d,sp,ay,„. a„ 
,5 „;no™a,ce.popn,auon. A 

3,„w„ (.op,. The second ex.np>e de— es (he n,os. co^^n ^r^hology 
(^ddle, to a few r^e cases, (be th^d b,as,-like pheno.ype was seen ,nd,ca,mg 
plb,: .ansfo^a™ .o.n a ™ye,o,oUfe„,(ve diso.de. ..o a ,en.cn„a ,bo..on,.. 

EEIAILBILDESCBiaTQllQ^^ 

,0 The p.eseB ,nveM,on p.ov.des n«.hods of pertonnrng « v,v„ expans.on of 
' ,„,e-„.d,f,cd he„..op„e.,c s.en,ceUs wh.ch a.e useful fo.many apphca.,ons 
Ludn. bone .na..ow ,..sp,a„.a.,on. and „ v.v„ gene „„.apy, .„ add„,on, .he 
p„se„.;„ven..o„ p.ov.des .ne.hods of eng.af.g .he geue-n^d.f.ed hen..opo>e„c 
,.en, ceUs of .he p.esen, .nven^on ..o .-anals, .dud.ng fo. bone ,™.TOw 
,5 ,ransplan.a„on and « v,v„ gene (herapy. The.efo.e ,be p.esen. .ven..on p.ov.des 
' „,„ods of ..ea..g an an.,., <n need of (.=a.n.u( fo. a he.na.of»,e„c s.en, ce« 
dencencv us.g a n..hod of eng.af..g .he expanded gene noddled hen.a.opo,e„c 
* ce„s Of (he p.esen. a,ve„„on. In one such cnbodnnen. ,he hen.a,opo,e.,c s,e,n 
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cell is transduced ex vivo with a nucleic acid encoding a transmembrane eftlUx pump, 
e,g. MDR-1. The transduced hematopoietic stem cell (i.e., a gene-modified 
hematopoietic stem cell) is expanded and then engrafted into the animal. Preferably 
the hematopoietic stem cell used is matched with the recipient animal to minimize 
5 and/or prevent host rejection. Thus, the hematopoietic stem cell is preferably obtained 
from the animal in need of treatment, and then after being transduced with a nucleic 
acid encodmg MDR-1 and expanded, the resultmg gene-modified hematopoietic stem 
cell is placed back into the animal. The treatments as described hereui may be used 
for any hematopoietic stem cell deficiency including that due to radiation therapy 

10 and/or chemotherapy, e.g., as used in cancer treatments. One particular advantage for 
treating a hematopoietic stem cell deficiency due to chemotherapy with a method of 
the present invention is that a gene-modified hematopoietic stem cell transduced with 
a nucleic acid *encoding MDR-1 will also be protected from the chemotherapeutic and 
its adverse effects. Tlierefore, the engrafting of the gene-modified hematopoietic stem 

15 cell into the recipient animal can be performed concomitantly with the chemotherapy. 



Tlie ex vivo gene therapy methodology of the present invention can be used for 
treating any disorder (particularly a genetic disorder) that involves a defect in a cell 
derived from a hematopoietic stem cell including but not limited to the treatment of 
thalassemia (e.g., with an expanded modified hematopoietic stem cell encoding 
20 human P-globin), Gaucher's disease (e.g., with an expanded modified hematopoietic 
stem cell encoding glucocerebrosidase), sickle cell anemia, and leukemia. 

The present invention further provides the expanded gene-modified hematopoietic 
stem cells used and/or produced by such methods. Such expanded gene-modified 
hematopoietic stem cells can also contain a second heterologous gene. 

25 In addition, the ability of expanding the otherwise rare hematopoietic stem cells 
provided by the present invention provides a source of hematopoietic stem cells 
which is large enough in quantity to allow standard biochemical analysis to be 
pertbnned on tliis relatively unstudied cell type. Indeed, the present invention results 
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„, c.pa«>. or expan.., of h-.o,"-^ 
„.ea.a .o. n.xunun, .U,u. .ouMoW «pa.>s.,„ .au.h, .he pn,r an. 
p«se„. «,ve,uio„ prov,de» a for perfon,u,>g facU. assays for 

L^Jfa.ors.™W..,H.r.a.ar,o„.^ 
5 „fhen..opo,e„cs,emc.Us.par„.ala,lyf,um.,f,.,-u,po,e.cs.e,„.e,K Such 

says for «^.e, can ^ based or, .he expennreura, cood.,fo.,s .ao.h. here,,, a.a 
I„Ls,ra2 of ,rac.,ooa.ea ceMar exrrae.s. Na..raUy oecu.™. fac.ors can . 
l,mea hy sach assays aa. .hea .so,a.ea .y — h,oche,r.ea, proce ares 
"La, Jy, cherr^ca, hhranes a.d/or pha,e U^aries ea. ased . an — s 
,0 Z ™ assay. These na.araUy occarr^g fac.ors - drugs can ,he„ he ased 
0 ,Lpa.a.e .he fa.e of e.ic s.e. cef.s «a.y ,„ v,,r„ and even.aa y 
: fled, ca„e„„y .here a.e do .,o.o facors .hich speCcaUy fead .o .he 
p„Bera.,oa of he™.opo.e.,c s.em ceUs .a absence of dBeren.,a.,cn. 

;-.lk were transduced with a Harvey (Ha)/MDR-1 
IB Example 1 , below, bone marrow cells were , . , 

15 retrov^sandexpandedforl2daysinthepresenceofmterleulo..(IL)-3,IL6,an ^ 

w r SCB Long-term e.ngraftmemmnon.>rrad,ated mace was observed 

i^^ii have the definitions set out 
mrefore, U appearrng herem, .he foliowmg .en„s shad have 

below. 

■ w- .rem cell" ts a plunpotent cell that ts able to e.ther repltcate itself 
,e„era.e ery.hrocy.es. gra„u,ocy.es, n,onocy.es, ,nas. ceUs, ,.nphocy.es, and 
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mcgakan'ocytes. These stem cells occur with a frequency ot about 1 stem cell per 10"^ 
bout marrow cells. • 

A "heterologous gene" as used herein is a gene that is introduced into a hematopoietic 
stem cell through a molecular biological manipulation. As defmed herein, this 
5 molecular biological manipulation is made such that the heterologous gene is inserted 
into the hematopoietic stem cell. The heterologous gene need not be expressed in the 
stem cell as long as it is expressed in the progeny of the stem cell. Tlie coding 
sequence of the heterologous gene is operatively linked to an expression control 
sequence. Generally a heterologous gene is first placed mto a vector. Tlie 

10 heterologous gene is not necessarily naturally contained by the vector, though a 
heterologous gene can encode a protein that is native to a hematopoietic stem cell. 
For example, the heterologous gene can encode a functional protein and be used in ex 
vivo gene therapy to replace the corresponding defective gene in aji hematopoietic 
stem cell. The heterologous gene will usually be flanked by DNA that does not flank 

15 the genomic DNA in the genome of the source organism. Alternatively, the 

heterologous gene may not be naturally found in the hematopoietic stem cell such as 
the gene for human MDR-1 introduced into a murine hematopoietic stem cell. 

A cell has been ''transduced" by a heterologous gene such as the MDR-1 gene (Le., a 
nucleic acid encoding MDR-1), when the gene has been introduced inside the cell and 

20 the coding sequence of the gene is operatively linked to an expression control 

sequence. The transducing gene is carried by a vector and the gene may or may not be 
integrated (covalently linked) into chromosomal DNA making up the genome of the 
cell. A stably transduced cell is one in which the transducing gene has become 
integrated into a chromosome so that it is inherited by daughter cells through 

25 chromosome replication. This stability is demonstrated by the ability of the cell to 
establish cell lines or clones comprised of a population of daughter cells containing 
the transducing gene. A "clone" is a population of cells derived from a single cell or 
comiTKDn ancestor by mitosis. A "cell line" is a clone of a priinary cell that is capable 
of stable growth in vitro for many generations. 
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As used herein a ''«ene-modtf.ed hen.atopo,et,c stem cell" ,s a heimtopo.etic stem 
cell that has been transduced hy a heterologous gene. A gene-moditled herHatopo.et. 
sten. ceU trai.sduced wUh a nucletc actd encodmg MDR- 1 (the MDR- 1 get.e) . 

exemplified below. 

5 As used herein the "expansion" of at. hematopotet,c stem ceU indicates that there ,s 
an mcrease in the absolute number of hematopoietic stem ceUs, dunng the 
cultunng of the cells. Analogously, an hematopoietic ceU that has undergone such 
expansion has been "expanded". 

As used herem "engrafting" a hematopoietic stem cell, preferably an expanded 
10 hematopoiettc stem cell, means placing the hematopoietic stem cell into an animal, 
, , by injection, wherein the stem cell persists in v,vo. This can be readily measured 
by the ability of the hematopoietic stem cell to contnbute to the ongoing blood 
formation. 

A -replicon" is any genetic element (e.g., plasn.d, chromosome, virus) that ^iiictions 
15 as an autonomous umt of DNA repUcation m v,v.; capable of repUcation under us 
own control. 

A "vector" is a replicon, such as plasn^d, phage or cosmid, to which another DNA 
segment may be attached so as to bring about the replication of the attached segment. 
The term "vector" can also refer to a recombinant virus or defective virus containing a 
20 replicon to wh.ch another DNA segment may be attached. 

A "DNA molecule" refers to the polymeric form of deoxyribonucleotides (adenine, 
guanine, thymine, or cytosnie) ui its either single stranded form, or a double- stranded 
helix This temi refers only to the primary and secondary structure of the molecule, 
and does not limit it to any particular ternary fom^s. Thus, this tenn nicludes double- 
ts stranded DNA found, mer aUa, ui linear DNA molecules (e.g., restriction fragments), 
viruses, plasmids, and chromosomes. In drscussing the structure of particular double- 
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stranded DNA molecules, sequences may be descnhed herem according to the normal 
convention of giving only the sequence in the 5' to 3' direction along the * 
nontranscribed strand of DNA (i.e., the strand having a sequence homologous to the 
inRNA). 

5 A "coding sequence" is a nucleic acid sequence vvliich can be reverse transcribed (Le,, 
when part of a retroviral vector ) and/or transcribed and then translated into a 
polypeptide in vitro and/or in vivo when placed under the control of appropriate 
regulatory sequences. Tlie boundaries of the coding sequence are detemuned by a 
start codon at the 5' (amino) tenninus and a translation stop codon at the 3' (carboxyl) 
10 terminus. A coding sequence can include, but is not limited to, prokaryotic 

sequences, cDNA from eukaryotic mRNA, genomic DNA sequences from eukaryotic 
(e.g., mammalian) DNA, and even synthetic DNA sequences. A polyadenylation 
signal and transcription termination sequence will usually be located 3' to the coding 
sequence. 

15 A nucleic acid sequence is "operatively linked" to an expression control sequence 

when the expression control sequence controls and regulates the transcription and/or 
translation of that nucleic acid sequence. The term "operatively linked" includes 
having an appropriate start signal (e.g., ATG) in front of the nucleic acid sequence to 
be expressed and maintaining the correct reading frame to pemiit expression of the 

20 nucleic acid sequence under the control of the expression control sequence and 

production of the desired product encoded by the nucleic acid sequence. If a gene that 
one desires to insert into a recombinant DNA molecule does not contain an 
appropriate start signal for example, such a start signal can be inserted in front of the 
gene. 

25 Transcriptional and translational control sequences are DNA regulatory sequences, 
such as promoters, enhancers, polyadenylation signals, terminators, and the like, that 
provide for the expression of a coding sequence in a host cell. 
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A "promoter sequence" is a DNA regulatory region capable of bmdmg RNA 
polymerase in a cell and imtiating transcription of a downstream (3' du-ectuxi) codmg 
sequence. For purposes of defining the present invention, the promoter sequence is 
bounded at its 3' terminus by the transcription initiation site and extends upstream (5' 

5 direction) to include the minimum number of bases or elements necessary to initiate 
transcription at levels detectable above background. Within the promoter sequence 
will be found a transcnption initiation site ( conveniently defined for example, by 
mapping with nuclease SI), as weU as protein binding domains (consensus sequences) 
responsible for the binding of RNA polymerase. Eukaryotic promoters will often, but 

10 not always, contain "TATA" boxes and "CAT" boxes. 

A codmg sequence is "under the control" of transcnptional and translational control 
sequences in a cell when RNA polymerase transcribes the coding sequence into 
mRNA, winch is then translated into the protein encoded by the coding sequence. 

Any of a wide variety of expression control sequences - sequences that control the 
15 expression of a DNA sequence operatively linked to it - may be used m these vectors 
to express the DNA sequences of tliis invention. Such useftil expression control 
sequences include, for example, the early or late promoters of SV40, CMV, vaccima, 
polyoma, adenovirus, herpes vii-us and other sequences known to control the 
expression of genes of manmialian ceUs, and various combinations thereof 

20 In selecting an expression control sequence, a variety of factors will normally be 
considered. These include, for example, the relative streugtli of the system, its 
controllability, and its compatibility with the particular DNA sequence or gene to be 
expressed, particularly as regards potential secondary structures. Considering these 
and other factors a person skilled in the art will be able to construct a variety of 

25 vector/expression control sequence combinations that will express the heterologous 
genes used in the present invention. 
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A "signal sequence" can be included before the coding sequence. Tliis sequence 
encodes a signal peptide, N- terminal to the polypeptide, that communicate? to the host 
cell to direct the polypeptide to the cell surface or secrete the polypeptide into the 
media, and this signal peptide is clipped off by the host cell before the protein leaves 
5 the cell. Signal sequences can be found associated with a variety of proteins native to 
prokaryotes and eukaryotes. For instance, alpha- factor, a native yeast protein, is 
secreted from yeast, and its signal sequence can be attached to heterologous proteins 
to be secreted into the media (See U.S. Patent 4,546,082, EPO 0 116 201, publication 
date 12 January 1983; U.S. Patent Application Serial No. 522,909, filed 12 August 
10 1983). Further, the alpha-factor leader and its analogs have been found to secrete 
heterologous proteins from a vanety of yeast, such as Saccharomyces and 
Kluyveromyces, (EPO 88312306.9 filed 23 December 1988; U.S. Patent Appbcation 
Serial No. 139,682, filed 30 December 1987, and EPO Publication No. 0 301 669, 
publication date 1 February 1989). 

15 Tlie phrase "phannaceutically acceptable" refers to molecular entities and 

compositions that are physiologically tolerable and do not typically produce an 
allergic or similar untoward reaction, such as gastric upset, dizziness and the like, 
when administered to a human. Preferably, as used herein, the term "phannaceutically 
acceptable" means approved by a regulatory agency of the Federal or a state 

20 government or listed in the U.S. Pharmacopeia or other generally recognized 

pharmacopeia for use in animals, and more particularly in humans. Tlie term "carrier" 
refers to a dUuent, adjuvant, excipient, or vehicle with which the compound is 
administered. Such pharmaceutical carriers can be sterile liquids, such as water and 
oils, including those of petroleuin, animal, vegetable or synthetic origin, such as 

25 peanut oil, soybean oil, mineral oil, sesame oil and the like. Water or aqueous 

solution saline solutions and aqueous dextrose and glycerol solutions are preferably 
employed as carriers, particularly for injectable solutions. 

The phrase "therapeutically effective amount" is used herein to mean an amount 
sufficient to reduce by at least about 15 percent, preferably by at least 50 percent. 
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more 



preferably by at least 90 perceut, and most preferably prevent, a clinicaUy 
significant deficit in the activity, function and response of the host. Altemalively, a 
therapeutically effective amount is sufficient to cause an unprovement in a clinicaUy 
signil'icant condition in the host. 



Vectors 



According to the present invention, the vector for ex vivo administration of the gene 
encoding MDR-1 ue., a nucleic acid encodmg MDR-1) and/or an alternative 
heterologous gene can be introduced via any strategy. Vectors can be introduced to 
transduce the desired host cells ex vivo by methods known m the art, e.g.. transfection, 
10 electroporation, micromject.on, cell fusion, DEAE dextran, calcium phosphate 

precipitation, lipofection (lysosome fusion), use of a gene guu, using a viral vector, 
with a DNA vtctor transporter, and the like. Alternatively, the vector can be 
introduced by lipofection. 

Viral vectors are commonly used for ex vivo targeting and therapy procedures; these 
15 include DNA-based vectors and retroviral vectors. Methods for constructing and 

using viral vectors are known in the art [see, e.g.. Miller and Rosman, BioTechnique.s 
7:980-990 ( 1992)]. DNA viral vectors include an attenuated or defective DNA virus, 
such as but not limited to herpes smiplex vims (HSV), papillomavirus. Epstein Bart 
vims (EBV), adenovims, adeno-associated vims (AAV), and the like. Defective 
20 vimses, which entirely or almost entirely lack viral genes, are preferred. Defective 
vims is not infective after introduction into a cell. In addition, different viral vectors 
may exl^bit specificity for one or another cell type. Examples of particular vector, 
ixiclude. but are not Umited to, a defective herpes vims 1 (HSVl) vector [Kaplitt et al. 
Make. Cell. Neiirosci. 2:320-330 (1991 )], defective herpes vii-us vector lacking a 
25 glyco-protein L gene [Patent PubUcation RD 371005 a], or other defective herpes 
vims vectors [International Patent Publication No. WO 94/21807, published 
September 29, 1994; Intertiat.onal Patent Publication No. WO 92/05263. published 
April 2. 1994]; an attenuated adenovims vector, such as the vector described by 
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Stratford- Perricaudet et a]. [7. Clin. Invest. 90:626-630 (1992); see also La Salle et al.. 
Science 259:988-990 (1993)J: and a defective adeno-associated virus vectctr fSainulski 
et al., 7. Virol. 61:3096-3101 (1987); Samulski et al, J. Virol. 63:3822-3828 (1989); 
Lebkowski et al., Mol. Cell. Biol. 8:3988-3996 ( 1988)]. Herpes virus vectors are 
5 preferred for dendritic cells. 



In another embodiment, the gene can be introduced in a retroviral vector, e.g., as 
described in Anderson et al., U.S. Patent No. 5,399,346; Mann et al., 1983, Cell 
33:153;Temmet al., U.S. Patent No. 4,650,764; Temin et al., U.S. Patent No. 
4,980,289; Markowitz et al., 1988, J. Virol. 62:1120; Temin et al., U.S. Patent No. 

10 5,124,263; International Patent Publication No. WO 95/07358, published March 16, 
1995, by Dougherty et al; and Kuo et al., 1993, Blood 82:845. International Patent 
Publication No. WO 95/07358 describes high efficiency transduction of primary B 
lymphocytes. *In a specific embodiment, exemplified below, a Harvey murine 
retroviral vector is used to transduce hematopoietic stem cells. Retroviral vectors can 

15 be constructed to function as infectious particles or to undergo a single round of 
transfection. In the former case, the virus is modified to retain only those genes 
responsible for packaging and replication and to express the heterologous gene. Non- 
infectious viral vectors are prepared to destroy the viral packaging signal, but retain 
the structural genes required to package the co-introduced virus engineered to contam 

20 the heterologous gene and the packaging signals. Thus, the viral particles that are 
produced are not capable of producing additional virus. 



For the past decade, there has been increasing use of liposomes for encapsulation and 
transfection of nucleic acids in vitro. Synthetic cationic lipids designed to limit the 
difficulties and dangers encountered with liposome mediated transfection can be used 
25 to prepare hposomes for in vivo or ex vivo transfection of a gene encoding a marker 
[Feigner, et. al., Proc. Natl. Acad. Sci. U.S.A. 84:7413-7417 (1987); see Mackey, et 
al., Proc. Natl Acad. Sci. U.S.A. 85:8027-8031 (1988); Ulmer et al, Science 
259 1745-1748 (1993)]. The use of cationic lipids may promote encapsulation of 
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negatively charged nucleic acids, and also promote fusion with negatively charged cell 
membranes [Feigner and Riugold, Science 337:387-388 (1989)]. 

It IS also possible to mtroduce the vector as a naked DNA plasmid. Naked DNA 
vectors for gene therapy can be introduced into the desired host cells by methods 

5 known in the art, e.g. , transfection, electroporation, microinjection, transduction, cell 
fusion, DEAE dextran, calcium phosphate precipitation, use of a gene gun, or use of a 
DNA vector transporter [see, e.g., Wu et al., J. Biol. Chem. 267:963-967 (1992); Wu 
and Wu, J. Biol. Chem. 263: 14621-14624 (1988); Hartmut et al., Canadian Patent 
AppUcation No. 2.012,311, filed March 15, 1990; Williams et al, Proc. Natl. Acad. 

10 Sci. USA 88:2726-2730 (1991)1. 

Tlie present invention includes vectors containing a gene (i.e., nucleic acid) encoding 
a transmembrane efflux pump, e.g., MDR-1. Also included are truncated forms, 
analogs and derivatives of the transmembrane efflux pump, e.g., MDR-1 that have 
essentially the same or improved functional activity as MDR-1, for example. 
15 Therefore, the production and use of derivatives and analogs related to MDR- 1 , for 
example are witliin the scope of the present invention. In a specific embodiment, the 
derivative or analog is functionally active, i.e., capable of exhibiting one or more 
functional activities associated with a fuU-length, wild-type MDR-1 protein. 

In particular, MDR-1 derivatives, for example, can be made by altering encoding 
20 nucleic acid sequences by substitutions, additions or deletions that provide for 
ftinctionally equivalent molecules. Preferably, derivatives are made that have 
enhanced or increased functional activity as it relates to the present invention, relative 
to the native MDR-1, for example. 

Due to the degeneracy of nucleotide coding sequences, other DNA sequences wliich 
25 encode substantiaUy the same amino acid sequence as a MDR- 1 gene, for example, 

be used in the practice of the present invention. These include but are not limited 
nucleotide sequences comprising aU or portions of MDR-1 genes which are altered 



may 
to 
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by the substitution of different codons that encode the same amino acid residue within 
the sequence, thus producing a silent change. Likewise, the MDR-1 derivatives of the 
invention include, hut are not limited to, those containing, as a primary amino acid 
sequence, all or part of the amino acid sequence of a MDR-1 protem including altered 
5 sequences in which functionally equivalent amino acid residues are substituted for 
residues within the sequence resulting in a conservative amino acid substitution. For 
example, one or more amuio acid residues witliin the sequence can be substituted by 
another amino acid of a similar polarity, which acts as a functional equivalent, 
resultmg in a silent alteration. Substitutes for an ammo acid witliin the sequence may 

10 be selected from other members of the class to which the amino acid belongs. For 
example, the nonpolar (hydrophobic) amino acids include alanine, leucme, isoleuciue, 
valine, proline, phenylalanine, tryptophan and methionine. Tlie polar neutral amino 
acids include glycine, serine, threonine, cysteine, tyrosine, asparagine, and glutamine. 
The positively'charged (basic) amino acids include arginine, lysine and histidine. Tlie 

15 negatively charged ( acidic) amino acids include aspartic acid and glutamic acid. 

Additionally, the nucleic acid sequence encoding a transmembrane efflux pump, such 
as MDR-1, can be mutated in vitro or in vivo, to create and/or destroy translation, 
initiation, and/or termination sequences, or to create variations in coding regions 
and/or form new restriction endonuclease sites or destroy preexisting ones, to 

20 facilitate further in vitro modification. Preferably, such mutations enhance the 

functional activity of the mutated MDR-1 gene product, for example. Any technique 
for mutagenesis known in the art can be used, including but not limited to, in vitro 
site-directed mutagenesis (Hutchinson, C, et al., 1978, J. BioL Cheni 253:6551; 
ZoUer and Smith, 1984, DNA 3:479-488; Oliphant et al., 1986, Gene 44:177; 

25 Hutchinson et al., 1986, Proc. Natl. Acad. Sci. U.S.A. 83:710), use of TAB® linkers 
(Phairnacia), etc. PGR techniques are preferred for site directed mutagenesis (see 
Higuciii, 1989, "Using PGR to Engineer DNA", in PCR Technology: Principles and 
Applications for DNA Amplification, H. Erlich, ed., Stockton Press, Ghapter 6, pp. 61- 
70). 
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Expression vectors containing a transmembrane eftlux pump gene, such as the MDR- 
1 eene, mserts can be identitied by many ways including : (a) PCR amplification of 
the desired plasmid DNA or specific mRNA, (h) nucleic acid hybridization, (c) 
presence or absence of "marker" gene functions, and (d) expression of inserted 

5 sequences. In the first approach, the nucleic acids can be amplified by PCR with 
incorporation of radionucleotides or stained with etliidium broirdde to provide for 
detection of the mnplified product. In the second approach, the presence of a MDR-1 
eene inserted iu an expression vector can be detected by nucleic acid hybridization 
using probes comprising sequences that are homologous to an inserted MDR-1 gene. 

0 In the third approach, the recombinant vector/host system can be identified and 

selected based upon the presence or absence of certain "marker" gene functions C^.^'., 
P-galactosidase activity, thymidine kinase activity, resistance to antibiotics, 
transforaiation phenotype, occlusion body fornaation in baculovirus, etc.) caused by 
the insertion of foreign genes in the vector. In the fourth approach, recombinant 

5 expression vectors can be identified by assaying for the activity of the MDR- 1 gene 
product expressed by the recombinant. 



Promoters 



According to die present invention, the gene encoding MDR-1 and/or a second 
heterologous gene can be under the control of any promoter. In a specific 

20 embodiment, the human cytomegalovirus (CMV) immediate early promoter is used to 
effect transient expression of MDR- 1 . Alternatively, an inducible promoter can be 
used^ However, the present invention contemplates use of any proimter to control 
expression of MDR-1. Selection of the promoter depends on the desired use. For 
example, expression of MDR-1 may be controlled by any promoter/enhancer element 

25 known in the art, but these regulatory elements must be functional in the host or host 
cell selected for expression. Promoters which may be used to control MDR-1 gene 
expression include, but are not Umited to, the SV40 early promoter region (Benoist 
and Chambon, 1981, Nature 290:304-310), the promoter contained ui the 3' long 
terminal repeat of Rous sarcoma virus ( Yamamoto, et al, 1980, Cell 22:787-797), tht 
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herpes thyniidme kinase promoter ( Wagner et al., 19SK Proc. Natl. Acad. Sci, U.S.A. 
78: 1441-1445), the regulatory sequences of the nietallothionem gene (Brinster et al., 
1982, Nature 296:39-42); and using a transcriptional control region such as the beta- 
globin gene control region which is active in myeloid cells (Mogram et al., 1985, 
5 Nature 315:338-340; Kollias et al., 1986, Cell 46:89-94). Alternatively, expression of 
the MDR-1 gene can be under control of an inducible promoter, such as 
metallothionein promoter, which is induced by exposure to heavy metals. 



Bone marrow transduction 



Bone marrow cells can be obtained from any number of sources from an animal, 
10 including a human subject. For example, the cells can be harvested from iLac bone 
marrow. Alternatively, hematopoietic stem cells can be obtained from umbilical 
chord cells. Another source for hematopoietic stem cells is from circulating fetal 
blood cells, hi addition, a human subject, for example, can be treated with a cytotoxic 
drug and/or a hematopoietic stem cell stimulating cytokine (e.g., G-CSF). 
15 Mononuclear cells can then be collected by leukophoresis and the hematopoietic stem 
cells can be isolated from the peripheral blood cells by their selective binding to an 
antibody raised against CD34. 



In the example below, bone marrow cells were flushed from the liind limbs of a 
laboratory animal and prestimulated for 48 hours in an appropriate medium 

20 Dulbecco's modified essential medium supplemented with 15% fetal bovine serum, 
100 units/ml penicillin, and 100 ng/ml streptomycin (P/S; Gibco-BRL) was also used 
in the Example below. Growth factors can also be included in the suspension culture 
at the appropriate concentration. Following prestimulation cells can be co-cultured on 
irradiated retroviral producer cell lines (e.g., ecotropic producer cell lines for mice and 

25 amphotropic producer cell lines for humans) for 48 hours in the presence of the same 
growth factor combination but also wqth added 6 mg/ml polybrene (Sigma) to enhance 
transduction. 
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Ex VIVO culture and expansion ot nweloid progenitors 

Alter transduction, cells can be cultured. In the Example below, culturing was 
performed in the presence of interleukin-3, mterleukin-6, and stem cell factor. Any 
other cytokine which supports the proliferation of hematopoietic stem ceUs could be 
5 used, includmg but not limited to GM-CSF, G-CSF and FLT-3 ligaiid. It is preferred 
that when the hematopoietic stem cell is a human cell and/or the recipient is a human 
subject that the cytokines used also be the human homolog, 

CeUs are typicaUy resuspended at 1 x 10'' cells/ml every 3-6 days for at least 12 days 
of expansion. Aliquots of cells can be removed for CFU-C analysis at various time 
10 points. Tlie percentage of drug-resistant progenitors can calculated by plating cells in 
methylcellulose ( Stem CeU Teclino logics) for example, in the presence of selective 
concentrations of drugs. Tlie percentage of transduced ceUs are generaUy found to 
remain constant throughout expansion. 



Non-irradiated recipient bone marrow transplants 



15 For bone marrow transplants into non-irradiated recipients, mice can receive from 1 to 
10 daily intravenous injections with a vector containing a nucleic acid encoding 
MDR-1, e.g., a total of 20 - 40 x 10^ cells for the 5 day period exemplified below. 
(Humans can receive from 1 to 20 such daUy intravenous injections, preferably 5 to 10 
daily intravenous injections). Following a five day treatment course in Example 1 

20 below, the presence of a donor marker protein, Hb as exemplified below, can be 
monitored in recipient animal (as exemplified below the monitoring began at one 
week after the last injection), and then foUowed for as long as appropriate, ( 8 to 14 
montlis in Example 1). 



25 



Tlie present invention may be better understood by reference to the following non- 
limiting Example, which is provided as exemplary of the invention. This example is 
presented in order to more fully illustrate the preferred embodiments of the invention. 
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It siiould in no way be construed, however, as limiting the broad scope of the 
invention. * 

EX.\MPLE 1 

EX VIVO EXPANSION OF MURINE HEMATOPOIETIC STEM CELLS 
5 TRANSDUCED WITH AN MDR- 1 RETROVIRAL VECTOR 

Introduction 

Initial studies were mtended to determine whether gene-modified progenitors could be 
expanded in culture and whether these relatively mature transduced cells would be 
useful for chemoprotection against myelosuppression in mice receiving antifolate 

10 chemotherapy. This progenitor approach previously has been shown effective with 
vectors expressing methyguanine DNA methyltransferase [MGMT] and protective 
against l,3-bis(2-chloroethly)-l -nitrosourea [BCNU] mediated delayed 
myelosuppression. Unexpectedly, mice receiving bone marrow transduced with an 
MDR-1 retrovirus showed sustained engraftment in non- irradiated recipients. In 

15 addition, subsequent quantitation of the stem cell content by competitive repopulation 
experiments in lethally-irradiated mice indicated a large increase in the repopulation 
potential with expanded MDR-1 marrow. Such results were surprising since there had 
been numerous observations of negative effects of the expansion of stem cells when 
alternative gene-modified progenitors had been generated. A myeloproliferative 

20 disorder did result in some cases, since a fraction of mice engrafted with MDR-1 
marrow developed a myeloproliferative disorder characterized by high peripheral 
white blood cell counts and splenomegaly. Tliis disorder, however, was not found to 
be absolutely linked to the stem cell expansion described herein. 

Methods 

25 Retroviral producer cell lines and vector constructs: The Harvey (Ha)MDR-l and 
HaDHFRL22Y vectors and ecotropic producer cell lines were generated as described 
previously [Sorrentino et aL, Science 257: 99-103 f 1992): Galipeau et al. Human 
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Gene Therapy 8:1771-1783 (1997), hereby incorporated hy retereiice in their 
entireties]. The MDR-1 proteui (encoded by SEQ ID NO: 1 and having the.ainiiKi acid 
sequence of SEQ ID NO:2) contains a wild-type glycine 185 amino acid. WUd-type 
MDR-1 shows increased resistance to etoposide and decreased resistance t(i vinca 

5 alkaloids when compared with the valine 1 85 mutant (encoded by SEQ ID NO: 3 and 
having the ammo acid sequence of SEQ ID NO:4). Tlie MDR- 1 cDNA has been 
previously spUce-corrected to allow for optimal levels of active protein expression m 
transduced ceUs [Gahpeau et al. Human Gene Therapy 8: 1771-1783 (1997)1. The 
DHFRL22Y protein contains a leucine to tyrosine mutation at codon 22 (L22Y) which 

10 greatly optimizes resistance to trimetrexate [Spencer et ai. Blood 87:2579-2587 
(1996)]. 

Retroviral-mediated bone marrow transduction: Bone marrow ceUs were flushed 
from the hindlimbs of either C57/B16 (C57) or B6.C-H1/BY (HW80) congenic 
mouse strains (day -4) and prestimulated for 48 hours in Dulbecco's modified 

15 essential medium (DMEM; BioWhittaker, Walkersville, MD) supplemented with 
15% fetal bovine serum, 100 units/ml penicillin, and 100 ng/ml streptomycin (P/S; 
Gibco-BRL). Growth factors were also included in the suspension culture at the 
foUowiug concentrations; 20 ng/ml murine IL-3 (Amgen), 50 ng/ml human IL-6 
(Amgen), and 50 ng/ml murine SCF (Amgen and R & D Systems) as previously 

20 described. FoUowing prestimulation (day -2), ceUs were co-cultured on irradiated 
(1500 rads) GP-HE86 ecotropic producer cell lines for 48 hours m the presence of the 
same growth factor combination but also with added 6 mg/ml polybrene (Sigma) to 
enliance transduction. C5?/'B16 donor mice have a single hemoglobin (Hb) patteni 
wliile HW80 have a diffuse Hb pattern when separated on cellulose acetate gels 

25 (Helena Laboratories, Beaumont, Texas). These Hb patterns were subsequently 
utilized for characterization of engraftment. 

Ex VIVO culture and expansion of myeloid progenitors: Following transduction (day 
0), cells were cultured in the presence of the growth factor combination described 
above, CeUs were resuspended at 1 x 10^ ceUs/ml every 3-6 days for at least 12 days 
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of expansion. Aliquots of cells were removed for CFU-C analysis at various tune 
points. The percentage of drug-resistant progenitors was calculated by plating cells in 
methylceUulose (Stem Cell Technologies) in the presence of selective concentrations 
of drugs. MDR-transduced progenitors were resistant to 50 ng/nil taxol and 
5 DHFR-transduced progenitors were resistant to 25 to 50 nJVl trimetrexate. Tliese 
concentrations of trimetrexate completely killed non-transduced background cells 
when plated m thymidine phosphorylase-treated methylcellulose. Tlie percentage of 
transduced cells was found to remain constant tlirough expansion. Average progenitor 
transduction efficiencies were: MDR-1 TaxolR (403 4- 10.2%), DHFR TrimetrexateR 
10 (39.6+ 17.8%). 



Non-irradiated recipient bone marrow transplants: During bone marrow transplant 
into non-irradiated recipients, mice received 5 daily intravenous injections with either 
MDR- or DHfK-transduced bone marrow cells (total of 20 - 40 x 1 0^' cells for the 5 
day period). Later each day mice also received intraperitoneal injection with 

15 trimetrexate (130 mg/kg) and the nucleoside transport inliibitor 

nitrobenzylmercaptopurine riboside phosphate (NBMPR-P; 20 ing/kg). Following 
this five day treatment course, the presence of donor Hb was monitored in recipient 
mice beginning at one week and followed for 8 to 14 months. 
Trimetrexate-glucuronate was received as the base from the Drug Synthesis and 

20 Chemistry Branch, Developmental Therapeutics Program, Division of Cancer 

Treatment, NCI. It was converted to the glucuronate form as described previously 
[Spencer et al. Blood 87:251 9 -25S7 (1996)]. 



Competitive repopulation assays: Expanded MDR-1 transduced cells were mixed 
either with the indicated donor hind limbs volume of 12 day expanded DHFRL22Y 
25 transduced cells or with freshly harvested marrow. Cells were mixed thoroughly and 
injected via the tail- vein into lethally- irradiated (925 - 1000 rads) recipient mice. 
Beginning at 10 weeks post-transplant, Hb patterns were analyzed by electrophoresis 
on cellulose acetate gels to calculate the relative proportions of single and diffuse 
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donor he,wglob„, u, reco„s,„u,ed n.c.. The «suUs of U«e a„uly»s ... 
quantitated by densitometry. 

Seco^aan ,one marro. ,ra..plams: Boue nwrow was harv.s.ed ton, pnn,ary 
recpiems from 10 .o 24 wetks foUowmg transplanl and .njec^d m,o 
5 ,«My.,aadia.d secondary rec,p,eors. Secondary transplanted n.ce reccvcd a, eas. 
5 . 10' bone marrow ceUs. Hb patterns were rr^mrored ur secondary recp.ents al.er 
„cons.„urion (8 ,0 ,0 weeks,. Secondary CR.-S were barvesced 12 days foUow., 
„,jecdon of 1 - 5 X 10' ceBs and DNA was prepared for Sonrhem bio. analyse tor the 
presence of the MDR-1 transgene, 

.0 S0..Hern W.. a.a,y,.: DNA was prepared as prevtonsly descnbed ISorrent.o « al. 
Scrence 257 99- 103 ( 1992,1. Tj^tcahy 10 to 20 „rg of genomtc DNA was restnctton 
drgested with-ett^r EcoRl or Nhel, and separated on a 1% agarose gel. Gels were 
blotted ovet^ght onto Hybond N. nylon ..entbrane , An»rshan„, UV crosslmked, 
and hybrtdlzed with e.ther MDR-1 or hemoglobu-speciftc [32P|-labeled probes. 
,5 Blots were washed extens.vely at 65-C. exposed ovet^ght, and analyzed on a 
phosphorimager (Molecular Dynatrucs). 

O«ecnon of. .man ,.,lyco,ro,ein on n,onse e^,>rrocy,e. One rntcrohter of .nritte 
whole blood contamitg approxtaately 6x10' erythrocytes was washed ut PBS and 
^suspended ,n 0.5 of Fc-Block (Pharrmngen, SanDiego, CA, in a to, vo.n.« of 
,0 20 n. of PBS. Tlte red ceUs were washed and resnspended tn with 0.3 rng o^ 
" ' nrfabeled prnnary .t.,-hn,nan Pgp ,».toc,ona, tnurtne anttbody 4b3 ,M„... Da.o 
CorTK,rat,o„, Carptntena. CA). Cells were next Incubated with pnmary anttWy for 
45 n^utes a, room temperature. CeUs wete then washed and irrcnbated wtth a 
phycoe„tMn-«ed goa, anti-mouse IgG ant.^dy (Caltag La^ratones, Bun^ame, 
25 CA) for'sO nnnu.es at room temperature. Cells were ne.x. washed and analyzed by 
now cv,ome.ry. Red ceUs ^d p,a.elets were tdentd'ted by .he characeristtc forward 
and s,de .scatter distribut^n. Red ceUs were gated and analyzed for PE. Leukocytes 
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arc located vvitlun the erytlirocyte gate but these coustitute less than 0. 1% of all 
events * 

Detection of human p- glycoprotein on mouse leukocytes: Munne whole blood was 
collected in hepannized tubes and diluted in PBS. Red blood cells were lysed in 
5 Gey's solution for 5 minutes on ice. White blood cells were blocked for 15 minutes in 
PBS/0. 1% BSA/10% normal mouse serum followed by staining with a FITC-labeled 
murine monoclonal anti-human p-glycoprotein antibody (4E3-P1TC; Signet 
Laboratories hic, Dedhan\ MA) or with the isotype control. Cells were then analyzed 
by flow cytometry for FITC-positivity. Gates were drawn on the abnonnal population 
10 apparent on forward and side scatter profiles in mice with a myeloproliferative 
disorder. 

Assays for replication-competent retrovirus. Genomic DNA was prepared from either 
cultured producer cell lines, transduced 3T3 cells, or peripheral wliite blood cells. 
PGR was performed using primers specific for the 3' end of pel and the 5' end of env 

15 regions of the helper virus genome which have been previously described [Scarpa, 
Virology 180:849 (1991 )]. PGR was performed under the following conditions; 
94°G, 1.5 minutes denaturation; 55°C, 1.0 minute annealing; 72°C, L5 minutes 
extension; 28 cycles. In addition, marker rescue assays were performed on 
supernatant from producer cell lines and plasma samples from transplanted mice. A 

20 M.dunni/GlNa- transduced cell line was used as the target for marker rescue. 

Following addition of supernatant, M. dunrn/GlNa cells were cultured for at least 2 
weeks and supernatant from these cells was assayed at intervals for liberation of 
infectious retrovirus containing the neo gene. Supernatant were transferred to naive 
M.dunni cells for 48 hours followed by selection in 0.8 mg/ml G418 (active). No 

25 G418R colonies were obtained in multiple experiments at a concentration in which M. 
dunni/GlNa cells were highly resistant. 

Stem cell expansion calculation: 0.005/0.25 + 0.005 = 0.02 predicted engraftment 
percentage if no stem cell expansion had occurred. Observed engraftment levels = 
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0 25 to 1 0 ind.cat. an mcrease u. sten. cell content of at least 10-told. It should be 
noted that engraftment levels were constat.tly mcreasmg thus any smgle n.e«suren.ent 
likely underestimates the true stem ceU expansion. 

Results 

5 Ex vivo expamioa of retrovWly-.ra.,sduced ,™ru,e myeloid progemtor. was 

performed foUows. Bo.e maorow cell., were harvested from either C57/B16 (C57) 
or B6 C-H l/BY (HW80) mice (day -4) aird transduced by co-culture on retrovral 
producer ceU lines. Producer cells Ltcluded an MDR- Isc producer wh.ch expresses 
the sphce-corrected versron of the human MDR-1 cDN A and a res,s,a,.ce-coBferrr„g 
10 darydrololate reductase (DHFR, mutan. referred to as DHER1-22Y. Following 

transduction (day 0), cells placed into liquid suspension culture for a period ot .2 days 
expanded logMthmically (Rg. .A,. A. three day intervals, ati aUquot of cells was 
removed and plated m tnethylceUulose for assay of the progenitor content. Total 
progenrtor and drug-resis.ant progenitor levels were calculated and monitored over 
15 time -me percentage of progemtors within the total cell population pealced at levels 
Cose to 20* between 3 and 6 days following mitia.ion of culmre and then gradually 
declined with time. This transient relative enncto. in progenitors is fcly due to 
death of differentiated ceUs and expansion of the progenitor pool. The absolute 
.lumbers of both dr^g-resistant and drug-sensitrve progemtor populations expanded 
20 equally during culture. Thus, the relative percentage of drug-resistant progenitors 
remained cot^tan. throughout the 12 days in culture. Examples of representive 
expansions arc stawn for both MDR-1 and DHFR-.raiisduced dr^g-resistant 
progenitors (Fig. IB). Typical expansions yielded a 100-fold increase by 2 weeks, 

U,n.-temi engraftment of MDR-transduced hematopotetic stem cells was observed 
25 non-irradiated recpient mice. The expansion of cells capable of long-temn 

engraftment in a non-irradiatcd mouse itx-del was unexpected MDR- or DHFR- 
transduced and expanded cells were atitiaUy nijected into mice with the purpose o, 
,estm» whether sho„-tenn engraftment of dnig-resistant progenitors would be 
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protective against ajitifolate-induced myelosuppressioii. Recipient niice were treated 
for 5 days with iruneirexate in combination with the nucleoside transpon iniiibitor 
nitrobeiizylniercaptopurine riboside phosphate (NBMPR-P). Mice were injected widi 
12-16 day-expanded cells on each of the 5 days of drug treatment. Folio w^ing 
5 transplant the donor hemoglobin (Hb) levels were monitored in the recipient mice 
beginning at 1 week and continued through greater than 1 year following injection 
(Fig. 2A-2B). Donor Hb was present in varying levels m all mice receiving cells as 
early as 1 week following injection (the earliest time point examined). However, this 
engraftmeut was only transient in mice receiving DHFR- or mock-transduced marrow 

10 (0/16; from 2 separate expansion experiments, Fig.2A). By contrast, 5/12 mice which 
received MDR- transduced marrow showed long-temi engraftment which was stable 
for more than 6 months post BMT (Fig. 2B), and up to 14 montlis in the latest time 
point obtained. Representative Hb electrophoresis profiles for primary engrafted 
recipients denfonstrated the presence of C57 donor Hb at time points 5 to 7 months 

15 following injection (Fig. 3A-3B). In addition, secondary recipients from mouse #20 
showed a range from 50 - 100% C57 donor Hb 8 weeks after transplant indicating 
engraftmeut of the primitive long-term repopulating cells (Fig. 3C). High level 
expression of P-glycoprotein was seen in donor red blood cells at greater than 10 
weeks following transplant in all 4 iruce engrafted from experiment #1 (Fig. 3D), The 

20 FACS data shows expression in total red blood cells and when con-ected for donor 
chimerism at the same day of analysis the levels were found to range from 80 - 100% 
positivity. DHFR mouse #1 served as a negative control for P-glycoprotein 
expression. 

Expansion of the MDR-transduced hematopoietic stem cells was quantified by 
25 competitive repopulation assay. TTius, to examine whether stem cell expansion was 
responsible for the high levels of engraftment obtained in the non-irradiated model, a 
competitive repopulation model was used. MDR- and DHFR-transduced cells were 
expanded over a 12 day period as described in the Methods, above. Table 1 shows the 
calculation of the percent hind limbs volume remaining at various time points during 
30 the expansion. On day 12, MDR-transduced cells were mixed in an equal 
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»,„,„:vo,u„. ra» W.U, expanded day 12 DHFR-.ra„,^uc.d ceLs .jea.d .to 

<0 005 C57 donor vo,.nes, H.ure 4A, ,eW or expanded DHFR cel. (0.005 C57 
.„„„r volu^s Bgure 4A. „r.dd,e, were n^.d w,* rsolared ceUs .1. 

5 oppose, H. paucr. (0.25 donor vo,„,.e. and .,e«ed n„o ,ed,a.y.„ad,a. 

r:;,en«. Be.nm.. ar ,0 weeU. ..e H. pa^ . recpren. nrrce were ana.y^ 
„, elecrophoresi. (Figure 40. Weresrtagly. MDR.e.pandcd ™.ow completely 
on. con^led iden.icaUy cxp^ded DHFR nrarrow in repopulatron of recip.ent mrc. 
„g a much «,=r .en, ce„ conren., <la.e. 4 - 10 of F.gure 4C,. Bn, n... 
.0 surpnsnrg .a. .he very Hg. level of eugra.nren. of MDR nrarrow »l,eu capered 
a.aa.s, fresh nrarrow (lanes 1 .rd 2 of F,gure 4C.). By comra... when DHFR 
„"a.ow was compered aga.ns, fresh rna^ow was complerely on.conrpe.ed (lanes 3 
4 of Fig. 4C>. in addrrron, over t,me „.ce cons.sren.ly iosr .he. chirrrerrsm and 
approached 100* donor as wa,, seen m rhe umrradiated n«del. 
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T.\BLE 1 



Calculation of Total Cell Expansion and 
Percent Hind Limbs Volume Remaining 





HaMDR 


HaDHFR 


Day 


CeU 
Number* 


Volume 
fraction 
replated 


Fraction 
hind limbs 
volume 


Cell 
Number* 


Volume 
fraction 
replated 


Fraction 
hind limbs 
volume 


0 


2.15 X 10' 


1.00 


0.86 


2.06 X 10' 


1.00 


1.00 


-> 


9.2 X 10' 


0.22 


0.19 


6.2 X 10' 


0.22 


0.22 


6 


6.6 X 10' 


0.40 


0.076 


6 X 10' 


0.52 


0.114 


9 


8 X 10' 


1.00 


0.076 


7.9 X 10' 


1.00 


0.114 


12 


1.6 X 10' 




0.076 


8.2 X 10' 




0.114 



10 Note: On days 3 and 6 a fraction of the cells were replated while the rest were 
discarded. This is reflected in the fraction liind limbs volume remaining- 
After 12 days of expansion, 0.005 hind limb volumes were injected per mouse 
along with 0.25 for fresh competed marrow. Tlie fraction at day 0 was 
determined by the percent of the total volume used following flushing the bone 

15 marrow from both fibias and femurs of a single mouse. 

* Cell number values are those prior to cell replating 

Expanded stem cells are marked with MDR- 1 pro viral DN A. To detemaine whether 
the engrafted donor cells were transduced with the MDR-1 virus, secondary day 12 
CFU-S were analyzed by southern blot (Fig. 5). Genomic DNA from individual 

20 CFU-S were digested with EcoRl and probed with an MDR- 1 specific probe. A total 
of 88/88 CFU-S from 7 primary recipients (6 MDR vs. DHFR mice from comf>etitive 
repopulation expt. #1, and MDR #15 from no u- irradiated expt. #2) were shown to be 
positive by southern blot for the MDR-1 pro virus giving a band of the expected size 
(3464 bp). In addition, a subset of samples were digested with Nhel which indicated 

25 the presence of the correct size full-length retroviral transcript (8580 bp). These data 
link the presence of the transgene and expansion of primitive stem cells. 
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The correlat.on of the ste.n ceU expa:.sK,n wuh per.od ot tu.e in culture was next 
u.vesti.ated. To detennme the kmet.cs of stem cell expansion durmg culture, an 
adduJnal competmve repopulat.on experunent was perfonued. For tins experm.nt, 
the dot.or and rectpient hemoglobins were switched to eUmu.ate any possibthty that 
5 enuraftment was related to the donor Hb patten. FoUowmg transduction with the 
MDR-1 retrovirus, ceUs were cultured attd aUquots coi^peted at a ratio ot 0.02 vol. 
MDR (HW80)/0.25 vol. fresh (C57) on days 0, 3, 6, attd 12. Engraftment ot MDR-1 
..arrow was only seen foUowu^g at least 3 days of expansion post co-culture and 
engraftment increased with increasit.g thxre in culture (Figure 6A). In order to 
10 determine whether the high levels of engraftmetU shown m the erythroid ln.eage by 
hemoglobm electrophoresis were also maintained m other ht^eages. Southern blot 
analysis was performed on peripheral blood DN A. Blots were treated with the 
restriction enzvme EcoRl and probed with a hemoglobm allele- specific probe (Figure 
6B) The results shown in Figure 6B demonstrate that the levels of donor hemoglobin 
15 seen in the peripheral blood ai.d the levels of lympho-myeloid reconstxtution 
represented in the peripheral blood ceU DNA are in full agreement. 

In some of the transplanted mice a myeloproliferative dxsorder was observed. 
However, the myeloproliferative disorder is not a necessary consequence ot the 
engraftmettt of the expanded gene-modified hematopoietic stem ceUs trat.sduced with 
20 anucleicacidencodmgMDR-1. Engratted mice were analyzed senaUy to mo nttor 
the level of engraftment over time. In some mice, it was noticed that the peripheral 
wlHte blood cell (WBC) coutus began to rise to abnormal levels (Figure 7 A). Shown 
Figure 7A are 10 representative engrafted ™ce trom the con.petitive rcpopulation. 
experiment #2, above. 2/10 of these mice retaut nonnal WBC counts at the present 
.5 tnne despite a very large stem ceU expansion. In most of the cases the elevation was 
extremely rapid and could uicrease by as much as 10-fold withm a few days. White 

MDR mice compared with normal values of 8654 . 2626 (p<0,001). Analysis ot 
Wneht-stained blood smears (Fig. 7B) showed a relative increase in an abnormal ceU 
30 population (bottom 2 panels relative to normal mouse in the top panel). 
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Imniunophenotvpmg of the population revealed a iiigh percentage of GR- 1 and 
MAC-1 positive cells, consistent with the granulocytic morphology of the majority of 
these cells. In a few instances, blasts were seen m the peripheral blood consistent 
with progression into leukemia. These ceUs did not stain positively for any lineage 
5 marker. The disease was found to be transplantable into secondary recipients which 
rapidly developed the same increases in white cell counts. 



Replication-competent retrovirus (RCR) assays were also pertbnned extensively on 

both cell lines and plasma from mice with the myeloproliferative disorder. A very 

10 sensitive PGR assay for helper virus failed to detect the helper genome but was higlily 

positive when using positive control monkey DNA. hi addition, marker rescue assays 

on Mus dunni cells eliminated the possibility of contamination with retroviruses of a 

wide host range. These data indicate that the stem cell expansion and subsequent 
« 

myeloproliferative disorder are not due to a contamination of helper virus. 

15 In addition to the elevated WBC count, the number of clonogenic progenitors in the 
peripheral blood and spleen increased dramatically. Typical progenitor numbers in 
the blood of a normal animal were 1 - 4/105 cells. Progenitor counts in some mice 
ranged from 57 to 1290/105 cells. Splenomegaly was also seen in mice with the 
myeloproliferative disorder. Spleen weights ranged from 483 to 834 mg compared to 

20 106 + 48 mg for normal mice. The progenitor content in the spleen was 
concomitantly increased from a normal of 3.3- 1 8/105 to 180/105 cells. 



Importantly, despite the abnonnal hematologic phenotype, the mice appeared grossly 
normal and healthy even with the highest white blood cell counts. Analysis of the 
bone marrow revealed no morphological abnormalities consistent with leukemia. In 
25 addition, the mouse karyotype was normal and there were no chromosome 

translocations present in peripheral blood metaphases from the two representative 
mice examined. These data are consistent with a prolonged period of abnormal 
myeloproliferation with transformation to leukemia in only a minority of mice. 
Peripheral blood cells from several diseased mice were also injected into SCID mice 
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without the developineiu of tumors, hiiportantly, a percentage of mice have shown 
large mcreases in stem ceU content and have maintained normal hematologic- 
parameters for as long as 9 to 14 montlis foUowmg transplant. The myeloproliferative 
syndrome can be dissociated from die hematopoietic stem ceU expansion as shown by 
5 a sigmficant number of healthy transplairted mice m which there was no evidence of 
myeloproliferative syndrome. 

The foUowing is a list of documents related to the above disclosure and particularly to 
the experimental procedures and discussions. These documents, and aU others cited 
above, should be considered as incorporated by reference in their entirety. 



10 
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While the invention has been described and illustrated herein by references to the 
15 specific embodiments, various specific material, procedures and examples, it is 

understood that the invention is not restricted to the particular material combinations 
of material, and procedures selected for that purpose. Indeed, various modifications 
of the invention in addition to those described hereio will become apparent to those 
skilled in the art from the foregoing description and the accompanying figures. Such 
20 modifications are intended to fall within the scope of the appended claims. 

It is further to be understood that all base sizes or amino acid sizes, and aU molecular 
weight or molecular mass values, given for nucleic acids or polypeptides are 
approximate, and are provided for description. 

Various publications in addition to the immediately foregoing are cited herein, the 
25 disclosures of which are also incorporated by reference in their entireties. 
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WHAT IS CLAIMED IS : 

1 . A method ot perfomimg ex vivo expmision ot a gcne-niodified hematopoietic 

stem cell comprising: 

(a) transducing a hematopoietic stem cell with a nucleic acid 

5 encoding MDR- 1 ; wherein the hematopoietic stem cell is transduced to become a 
gene-modified hematopoietic stem cell; and 

( b) culturing the gene-modified hematopoietic stem cell ex vivo 
wherein the gene-modified hematopoietic stem cell is expanded. 

2. The method of Claim 1 wherein said culturing is performed in the presence of 
10 an early-acting hematopoietic cytokine. 

3. Tlie method of Claim 1 wherein the cytokine is selected from the group of 
cytokines consisting of interleukin-3, interleukin-6, G-CSF, GM-CSF, FLT-3 ligand, 
and stem cell factor. 

4. The method of Claim 1 wherein transducing the hematopoietic stem cell with 
15 a nucleic acid encoding MDR-1 is perfomied with a viral vector comprising a nucleic 

acid encoding an MDR- 1 . 

5. The method of Claim 4 wherein the viral vector is selected from the group of 
viral vectors consisting of a herpes simplex viral vector, an adenoviral vector, and 
adeiio- associated viral vector (.A^^V). 

20 6. The method of Claim 4 wherein the viral vector is a retroviral vector. 



7. The method of Claim 6 wherein the retroviral vector is a Harvey Murine 
Sarcoma Vector and the hematopoietic stem cell is transduced by co-culture on 
retroviral producer cell lines. 
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8. The method of Claun 1 wherein transducmg the hematopoietic stemcelJ with 
a nucleic acid encoding MDR-1 is pertonned with a DNA vect(M comprising a nucleic 
acid encoding an MDR- 1 . 



9. Tlie method of Claim 1 wherein the hematopoietic stem cell is a mammalian 
5 hematopoietic stem cell. 

10. The method of Claim 9 wherein the geue-modified hematopoietic stem cell 
expresses a splice-corrected version of the human MDR-L 

1 1. Tlie method of Claim 9 wherein the mammalian hematopoietic stem cell is a 
murine hematopoietic stem cell. 

• 

10 12. The method of Claim 9 whereui the mammalian hematopoietic stem cell is a 
human hematopoietic stem cell. 

13. A gene-modified mammalian hematopoietic stem cell that has been (i) 
transduced with a nucleic acid encoding MDR- 1, and (ii) expanded. 

14. Tlie gene-modified hematopoietic stem cell of Claim 13 that has been 
15 expanded for at least 9 days. 

15. A method of engrafting a mammal with the gene-modified hematopoietic stem 
cell of Claim 13 comprising placing said cell into the mammal. 

16. The method of Claim 15 wherein the gene-modified hematopoietic stem ceU 
further comprises a heterologous gene, and wherein the expression of the heterologous 

20 gene by the gene-modified hematopoietic stem cell in the mammal aids in the 

treatment of a disease associated with a dysfunctional cell; wherein said dysfunctional 
cell is derived from an hematopoietic stem cell. 
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17. The method of Claim 15 wherein said placing is perfomied by injecting. 

* 

18. The method of Claim 17 wherein said injecting is repeated more tlian once. 

19. The method of Claim 15 wherein said engrafting is stable for at least six 
months. 

20. The method of Claim 15 wherein said mammal is a human. 
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SEQUENCE LISTING 

11 0> SORRENTINO ET AL . 

12 0> EXPANSION OF HEMATOPOIETIC STEM CELLS TRANSDUCED WITH 
MDR-1 METHODS OF USE THEREOF 

130> 1340-1-021PCT 

<140> 1340-1-21 
<141> 1999-05-27 

<160> 8 

<170> Patentin Ver . 2.0 



<210> 1 
<211> 3860 
<212> DNA 

<213> HUMAN MDR 185-G 
<400> 1 

atggatcttg aaggggaccg caatggagga 
aataaaagtg aaaaagataa gaaggaaaag 
cgctattcaa attggcttga caagttgtat 
catggggctg gacttcctct catgatgctg 
aatgcaggaa atttagaaga tctgatgtca 
acagggttct tcatgaatct ggaggaagac 
attggtgctg gggtgctggt tgctgcttac 



gcaaagaaga agaacttttt taaactgaac 60 

aaaccaaccg tcagtgtatt titicaatgtt^ Izu 

atggtggtgg gaactttggc tgccatcatc 180 

gtgtttggag aaatgacaga tatctttgca 240 

aacatcacta atagaagtga tatcaatgat 300 

atgaccagat atgcctatta ttacagtgga 360 

attcaggttt cattttggtg cctggcagct 420 
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,,aa.acaaa .acacaaaa. ca.aaaaca. tt.t.Cca.. c.acaaC.cg aca..a.aca 480 
,,c.....C. a....cac.a ........a. C.aacaccc .ac.caca.a ..a...c.c. .40 

aa.a..aa.. aa...a..gg ..acaaaaC. ..aat.c.c. ..ca.ccaa. ..caacact. 600 
..cacc..g. ..a.aatagg a.ctacacgt ..tt..aa.c caacccctgc .a«....cc 660 

a.cagccctg «ct.a.ac. .cca.cc.c. gtc.g.gcaa a.acacca.c ccca.t.acc 720 
,acaaa.aac tC.a.C.a cgcaaaa.c. .ga.cagta. ct.aa.a..t ct.ggca.ca 780 
atca.aact. t.a.cgca.. .g.a..acaa aagaaa.aac ttgaaagg.a caacaaaaa. 840 
ctaaaagaag ccaaaa.aa. .gg.a.aaa. aaagcca.ta ca.ccaa.a. ..ccata.gc 900 
gctacttcc .gc.ga.cca t.catctta. gc.ccg.cc. .c.ggta.gg gaccacct.g 960 
..ccctcag gggaat:a..c .at.ggacaa g.ac.cac.g .a.t:c..ttc .g.ac.aa.. 1020 
ggggct.tta gtgccggaca ggcatc.cca agcat.gaag cat.tgcaaa tgcaagagga 1080 
gcagc..acg aaatcttcaa gacaattgat aataagccaa gtattgacag c.attcgaag 1140 
ag.gggcaca aaccagataa ta..aaggga aa.ttggaa. .cagaaatgt .cac.tcagt 1200 
.acccatctc gaaaagaagt .aagacc.tg aagggcctga acc.gaaggc gcagagtggg 1260 
cagacggtgg ccc.ggccgg aaacagtggc .g.gggaaga gc.caacagt ccagccgatg 1320 
cagaggctct atgaccccac agagggga.g gtcagtgttg a.ggacagga tactaggacc 1380 
ataaatgcaa ggt.tctacg ggaaatcatt ggtgtggcga gccaggaacc .gtat.gctt 1440 
gccaccacga .agctgaaaa ca.tcgctat ggccgtgaaa atgtcaccat gga.gagatt 1500 
gagaaagctg .caaggaagc caatgccta. gac.ttatca tgaaac.gcc tcacaaa.t. 1560 
gacaccc.gg «ggagagag aggggcccag t.gag.ggtg ggcagaagca gagga.cgcc 1620 
attgcacgtg ccc.ggttcg caaccccaag atcctcctgc tggatgaggc cacg.cagcc 1680 
.tggacacag aaagcgaagc agtggtccag gtggctctgg a.aaggccag aaaaggtcgg 1740 
accacca.tg tgatagctca tcgt.tgtct acag.tcgta a.gctgacgt catcgctggt 1800 
ttcgatgatg gag.caccgt ggagaaagga aa.cacgatg aaccca.gaa agagaaaggc 1860 
attcacttca aacttgtcac aatgcagaca gcaggaaatg aagttgaatt agaaaatgca 1920 
gctgatgaat ccaaaagtga aa.tgatgcc ttggaaatgt ct.caaatga ttcaagatcc 1980 
agtccaacaa gaaaaagatc aactcgtagg agtg.ccgtg gatcacaagc ccaagacaga 2040 
aagcttagta ccaaagaggc tctggacgaa agtatacctc cagtttcctt ttggaggact 2100 
atgaagctaa a.ttaaccga atggccttat tttgttgttg gtgtat.ttg tgccattata 2160 
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^^^t-r;:^raaa qgtrtttaca 2220 
.„,,«,cc «c..c=.,c ac««.c„ „a»«.™ 

«=c„...c a..«.«.» 

,„„e„.a — 
„„„a.= .ca„a.,=. ,«cc„.c 

..,a„.=cc .aa...=.c= .,.c.acc„ ,c„,=c.« 

""""" 

'™ """"" 
«,»cc„. c««c,.„ ,c.«««. • 

„.„„=.c = 

.cc,..cc,c .«c„,„c ,=...t,». 

— = """"" 
.c.««cc. """"" 

ri 

ca,c.,=c=. =..c«c,„ — 
„c„c,c„ .«,cc„.. ,cc,a.c.=. .«.c.ca« 3U0 

..ccc.c=c, .=c„.c..= cc.,.,c..c .„,.c„., cc.„.„.. 31S0 
..,„„,c. a,.c,„„c .,=a,e„c. ,«„.a,a, c.ca,.„« 

„,..oc„, .,«=«c.a c,.c=c«c, ,=.«.aa., „c„«„. 3300 
.„aa,c,.= .,aa„c.ca ,=.=.cc«= 3360 

=.cc„.«, .=«=.,"t „«,.,..c ..„=c"t, ga,aca,c., c=„,..,« 34.0 
„aca„.., aa..c,.,a, „=a,ca.a, ,«,cca.ca ..ca„cc.. ca.c,a,.c, 3«0 
„„c=...a a..a..,c„ .a..,.a,.a ,.ca.a„aa cc=..<=.ct= .„»,cc., 3S40 
...caacc, .t,c=a..,= .«.,cc„. ,«a,ac..= =.c.„„« ,c.=.„,ac 3.00 
„„c„ca. =.,c.c..=a ..=...a.,. ,a.a.„.» «c..,aa,c =c„,ac,.. 3660 
,cc.,.,a.a ,«,oacc„ =««t„« ,c„.cc,co „.cc,oc.. c=a,.a„c. 3.20 
,.c«a..., .,.«tctca ,t=a.„..c .«ac.c,=a cca,c.,c„ 3V80 

c„,c.ca,a .a,,c.«„ «t.„a.„ ,.c.,.,t=c a„«„aa= aa.,=,=ca, 3 =40 

3860 

tgaactccgg ttaactccac 
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<210> 2 
<211> 1280 
<212> PRT 

<213> HUMAN MDR 185-G 



<400> 2 

Met ASP Leu Glu Gly Asp Arg Asn Gly Gly Ala Lys Lys Lys Asn Phe 

10 15 



Phe Lys Leu Asn Asn Lys Ser Glu Lys Asp Lys Lys Glu Lys Lys Pro 

20 



25 30 



Thr Val ser Val Phe Ser Met Phe Arg Tyr Ser Asn Trp Leu Asp Lys 
35 40 45 



Leu Tyr Met Val Val Gly Thr Leu Ala Ala He He His Gly Ala Gly 
50 55 60 

Leu pro Leu Met Met Leu Val Phe Gly Glu Met Thr Asp He Phe Ala 
65 70 75 

Asn Ala Gly Asn Leu Glu Asp Leu Met Ser Asn He Thr Asn Arg Ser 
85 90 95 

He Asn Asp Thr Gly Phe Phe Met Asn Leu Glu Glu Asp Met Thr 



Asp 

100 



105 110 



Arg Tyr 



Ala Tyr Tyr Tyr Ser Gly He Gly Ala Gly Val Leu Val Ala 



4 
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115 

Ala Tyr He Gin Val 
130 

His Lys He Arg Lys 
145 

Gly Trp Phe Asp Val 
165 



120 

Ser Phe Trp Cys Leu Ala 
135 

Gin Phe Phe His Ala He 
150 155 

His Asp Val Gly Glu Leu 
170 



125 

Ala Gly Arg Gin He 
140 

Met Arg Gin Glu He 
160 

Asn Thr Arg Leu Thr 
175 



ASP ASP val ser Lys He Asn Glu Gly He Gly Asp Lys He Gly Met 

185 190 



180. 



Phe Phe Gin Ser Met Ala Thr Phe Phe Thr Gly Phe He Val Gly Phe 
195 



200 205 



Thr Arg Gly Trp Lys Leu Thr Leu Val He Leu Ala He Ser Pro Val 
210 215 220 



Leu Gly Leu Ser Ala Ala Val Trp Ala Lys He Leu Ser Ser Phe Thr 
225 



ASP Lys Glu Leu Leu Ala Tyr Ala Lys Ala Gly Ala Val Ala Glu Gl. 

245 250 255 



Ala Ala He Arg Thr Val He Ala Phe Gly Gly Gin Lys Lys 



Val Leu 

260 



265 270 
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Glu Leu Glu Arg Tyr Asn Lys Asn Leu Glu Glu Ala Lys Arg He Gly 



275 



280 285 



He Lys Lys Ala He Thr Ala Asn He Ser He Gly Ala Ala Phe Leu 
290 295 300 



Leu He Tyr Ala Ser Tyr Ala Leu Ala Phe Trp Tyr Gly Thr Thr Leu 
305 310 315 320 



Val Leu Ser Gly Glu Tyr Ser He Gly Gin Val Leu Thr Val Phe Phe 
325 330 335 

Ser Val Leu He Gly Ala Phe Ser Val Gly Gin Ala Ser Pro Ser He 
340 345 350 

Glu Ala Phe Ala Asn Ala Arg Gly Ala Ala Tyr Glu He Phe Lys He 
355 360 365 

He Asp Asn Lys Pro Ser He Asp Ser Tyr Ser Lys Ser Gly His Lys 
370 375 380 

Pro Asp Asn He Lys Gly Asn Leu Glu Phe Arg Asn Val His Phe Ser 
385 390 395 400 

Tyr Pro Ser Arg Lys Glu Val Lys He Leu Lys Gly Leu Asn Leu Lys 
405 410 415 

Val Gin Ser Gly Gin Thr Val Ala Leu Val Gly Asn Ser Gly Cys Gly 
420 425 430 
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Lys 



Ser Thr Thr Val Gin Leu Met Gin Arg Leu Tyr Asp Pro Thr Glu ^ 



Gly Met Va 
450 



1 ser val Asp Gly Gin Asp He Arg Thr He Asn Val Arg 



455 460 



475 480 



465 470 



Ala 



Thr Thr lie Ala Glu Asn He Arg Tyr Gly Arg Glu Asn Val Thr 



485 



490 



495 



Met Asp 



Glu 11^ Glu Lys Ala Val Lys Glu Ala Asn Ala Tyr Asp Phe 



500 



505 



510 



lie Met Lys Leu Pro His Lys Phe Asp Thr Leu Val Gly Glu Arg Gly 

520 



Ala Gin Leu Ser Gly Gly Gin Lys Gin Arg He Ala He Ala Arg Ala 
530 



Leu 
545 



val Arg Asn Pro Lys He Leu Leu Leu Asp Glu Ala Thr Ser Ala 



555 560 



Leu ASP Thr Glu Ser Glu Ala Val Val Gin Val Ala Leu Asp Lys Ala 
565 570 575 

Arg Lys Gly Arg Thr Thr He Val He Ala His Arg Leu Ser Thr Val 
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580 585 590 



Arg Asn Ala Asp Val He Ala Gly Phe Asp Asp Gly Val He Val Glu 
595 600 605 

Lys Gly Asn His Asp Glu Leu Met Lys Glu Lys Gly He Tyr Phe Lys 
610 615 620 



Leu val Thr Met Gin Thr Ala Gly Asn Glu Val Glu Leu Glu Asn Ala 
625 630 635 640 



Ala Asp Glu Ser Lys Ser 
645 



Glu He Asp Ala Leu Glu Met Ser Ser Asn 



650 655 



ASP Ser Arg Ser Ser Leu He Arg Uys Arg Ser Thr Arg Arg Ser Val 
660 665 670 



Arg Gly Ser Gin Ala Gin Asp Arg Lys Leu Ser Thr Lys Glu Ala Leu 
675 680 685 



ASP Glu ser He Pro Pro Val Ser Phe Trp Arg He Met Lys Leu Asn 



690 



695 700 



Leu Thr Glu Trp Pro Tyr Phe Val Val Gly Val Phe Cys Ala He He 

715 "720 



7 05 



Asn Gly Gly Leu Gin Pro Ala Phe Ala He He Phe Ser Lys He He 
725 730 735 
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Gly Val Phe Thr Arg He Asp Asp Pro Glu Thr Lys Arg Gin Asn Ser 

^45 ^50 



Asn Leu Phe Ser Leu Leu Phe Leu Ala Leu Gly He He Ser Phe He 

760 "765 



755 



Thr Phe Phe Leu Gin Gly Phe 



Thr Phe Gly Lys Ala Gly Glu He Leu 



770 775 ■'SO 



Thr Lys Arg Leu Arg TVr Met Val Phe Arg Ser Met Leu Arg Gin Asp 
785 

val ser Trp Phe Asp Asp Pro Lys Asn Thr Thr Gly Ala Leu Thr Thr 
. 805 810 815 

Arg Leu Ala Asn Asp Ala Ala Gin Val Lys Gly Ala He Gly Ser Arg 
820 825 830 

Leu Ala val He Thr Gin Asn He Ala Asn Leu Gly Thr Gly He He 
835 840 845 

He Ser Phe He Tyr Gly Trp Gin Leu Thr Leu Leu Leu Leu Ala He 
850 855 860 



val Pro He He Ala He Ala Gly Val Val Glu Met Lys Met Leu Ser 
865 



870 875 880 



Gly Gin Ala Leu Lys Asp Lys Lys Glu Leu Glu Gly Ala Gly Lys He 
885 890 895 
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Ala Thr Glu Ma He Glu Asn Phe Arg Thr Val Val Ser Leu Thr Gin ^ 



900 



Glu Gin Lys Phe 



915 



905 



910 



Glu His Met Tyr Ala Gin Ser Leu Gin Val Pro Tyr 



920 



925 



Arg Asn Ser Leu Arg Lys Ala His He Phe Gly He Thr Phe Ser Phe 



QT5 940 

930 



t Met Tyr Phe Ser Tyr Ala Gly Cys Phe Arg Phe Gly 
950 9" 

945 



Thr Gin Ala Me 



Ala Ty 



r Leu val. Ala His Lys Leu Met Ser Phe Glu Asp Val Leu Leu 
965 ' 9-70 



Va 



1 Phe ser Ala Val Val Phe Gly Ala Met Ala Val Gly Gin Val Ser 
980 985 



ser Phe Ala Pro Asp Tyr Ala Lys Ala Lys He Ser 



Ala Ala His He 



995 1000 1005 



lie Met He He Glu Lys Thr Pro Leu He Asp Ser Tyr Ser Thr Glu 
1010 1015 1020 



=t Pro Asn Thr Leu Glu Gly Asn Val Thr Phe Gly Glu Val 
1025 1030 



Gly Leu Met 

1035 1040 



val Phe Asn TVr Pro Thr Arg Pro Asp He Pro Val Leu Gin Gly Leu 

10 
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1045 



1050 



1055 



Ser Leu Glu Val Lys Lys Gly Gin Thr Leu Ala Leu Val Gly Ser Ser 
1060 1065 1070 



Gly Cys Gly Lys Ser Thr Val Val 
1075 1080 

Pro Leu Ala Gly Lys Val Leu Leu 
1090 1095 

Asn Val Gin Trp Leu Arg Ala His 
1105 1110 

lie Leu Phe Asp Cys Ser lie Ala 
1125 



Gin Leu Leu Glu Arg Phe Tyr Asp 
1085 



Asp Gly Lys Glu He Lys Arg Leu 
1100 



Leu Gly He Val Ser Gin Glu Pro 
1115 1120 



Glu Asn He Ala Tyr Gly Asp Asn 
1130 1135 



Ser Arg Val Val Ser Gin Glu Glu He Val Arg Ala Ala Lys Glu Ala 
1140 1145 1150 

Asn He His Ala Phe He Glu Ser Leu Pro Asn Lys Tyr Ser Thr Lys 
1155 1160 1165 

Val Gly Asp Lys Gly Thr Gin Leu Ser Gly Gly Gin Lys Gin Arg He 
1170 1175 1180 

Ala He Ala Arg Ala Leu Val Arg Gin Pro His He Leu Leu Leu Asp 
1185 1190 1195 1200 
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Glu Ala Thr Ser Ala Leu Asp Thr Glu Ser Glu Lys Val Val Gin Glu 
1205 1210 1215 

Ala Leu Asp Lys Ala Arg Glu Gly Arg Thr Cys He Val He Ala His 
1220 1225 1230 

Arg Leu Ser Thr He Gin Asn Ala Asp Leu He Val Val Phe Gin Asn 
1235 1240 1245 

Gly Arg Val Lys Glu His Gly Thr His Gin Gin Leu Leu Ala Gin Lys 
1250 1255 1260 

Gly He Tyr Phe Ser Met Val Ser Val Gin Ala Gly Thr Lys Arg Gin 
1265 . 1270 1275 1280 



<210> 3 
<211> 3860 
<212> DNA 

<213> HUMAN MDR 185-V 
<400> 3 

atggatcttg aaggggaccg caatggagga 
aataaaagtg aaaaagataa gaaggaaaag 
cgctattcaa attggcttga caagttgtat 
catggggctg gacttcctct catgatgctg 



gcaaagaaga agaacttttt taaactgaac 60 

aaaccaactg tcagtgtatt ttcaatgttt 120 

atggtggtgg gaactttggc tgccatcatc 180 

gtgtttggag aaatgacaga tatctttgca 240 

12 
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aatgcaggaa atttagaaga tctgacgtca aacaccacta atagaagtga catcaatgat 3 00 
acagggttct ccatgaatct ggaggaagac atgaccagat acgcctatta ttacagtgga 360 

attggtgctg gggtgccggt tgctgcttac attcaggttt cattttggtg cctggcagct 420 
ggaagacaaa tacacaaaat tagaaaacag ttttttcatg ctataatgcg acaggagata 480 
ggctggtttg atgtgcacga tgttggggag cttaacaccc gacttacaga tgatgtctct 540 
aagattaatg aagttattgg tgacaaaatt ggaatgttct ttcagtcaat ggcaacattt 600 
ttcactgggt ttatagtagg atttacacgt ggctggaagc taacccttgt gattttggcc 660 
atcagtcctg ttcttggact gtcagctgct gtctgggcaa agatactatc ttcatttact 720 
gataaagaac tcttagcgta tgcaaaagct ggagcagtag ctgaagaggt cttggcagca 780 
attagaactg tgattgcatt tggaggacaa aagaaagaac ttgaaaggta caacaaaaat 840 
ttagaagaag ctaaaagaat tgggataaag aaagctatta cagccaatat ttctataggt: 900 
gctgctttcc tgctgatcta tgcatcttat gctctggcct tctggtatgg gaccaccttg 960 
gtcctctcag gggaatattc tattggacaa gtactcactg tattcttttc tgtattaatt 1020 
ggggctttta gtgttggaca ggcatctcca agcattgaag catttgcaaa tgcaagagga 1080 
gcagcttatg aaatcttcaa gataattgat aataagccaa gtattgacag ctattcgaag 1140 
agtgggcaca aaccagataa tattaaggga aatttggaat tcagaaatgt tcacttcagt 1200 
tacccatctc gaaaagaagt taagatcttg aagggcctga acctgaaggt gcagagtggg 1260 
cagacggtgg ccctggttgg aaacagtggc tgtgggaaga gcacaacagt ccagctgatg 1320 
cagaggctct atgaccccac agaggggatg gtcagtgttg atggacagga tattaggacc 1380 
ataaatgtaa ggtttctacg ggaaatcatt ggtgtggtga gtcaggaacc tgtattgttt 1440 
gccaccacga tagctgaaaa cattcgctat ggccgtgaaa atgccaccat ggatgagatt 1500 
gagaaagctg tcaaggaagc caatgcctat gactttatca tgaaactgcc tcataaattt 1560 
gacaccctgg ttggagagag aggggcccag ttgagtggtg ggcagaagca gaggatcgcc 1620 
attgcacgtg ccctggttcg caaccccaag atcctcctgc tggatgaggc cacgtcagcc 1680 
ttggacacag aaagcgaagc agtggttcag gtggctctgg ataaggccag aaaaggtcgg 1740 
accaccattg tgatagctca tcgtttgtct acagttcgta atgctgacgt catcgctggt 1800 
ttcgatgatg gagtcattgt ggagaaagga aatcatgatg aactcatgaa agagaaaggc 1860 
acttacttca aacttgtcac aatgcagaca gcaggaaatg aagttgaatt agaaaatgca 1920 
gctgatgaat ccaaaagtga aattgatgcc ttggaaatgt: cttcaaatga ttcaagatcc 1980 
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agtctaataa gaaaaagatc aactcgcagg 
aagcttagta ccaaagaggc tctggatgaa 
atgaagctaa atttaactga atggccttat 
aatggaggcc tgcaaccagc atttgcaata 
agaattgatg accctgaaac aaaacgacag 
gcccttggaa ttatttcttt tattacattt 
ggagagatcc tcaccaagcg gctccgatac 
gtgagttggt ttgatgaccc taaaaacacc 
gatgctgctc aagttaaagg ggctataggt 
gcaaatcttg ggacaggaat aattatatcc 
ctcttagcaa ttgtacccat cattgcaata 
ggacaagcac tgaaagataa gaaagaacta 
atagaaaact tccgaaccgt tgtttctttg 
gctcagagtt tgca^gtacc atacagaaac 
acattttcct tcacccaggc aatgatgtat 
gcctacttgg tggcacataa actcatgagc 
gttgtctttg gtgccatggc cgtggggcaa 
gccaaaatat cagcagccca catcatcatg 
tacagcacgg aaggcctaat gccgaacaca 
gtatticaact: atcccacccg accggacatc 
aagaagggcc agacgctggc tctggtgggc 
cagctcctgg agcggttcta cgaccccttg 
ataaagcgac tgaatgttca gtggctccga 
atcctgtttg actgcagcat tgctgagaac 
tcacaggaag agatcgtgag ggcagcaaag 
ctgcctaata aatatagcac taaagtagga 
aaacaacgca ttgccatagc tcgtgccctt 
gaagccacgt cagctctgga tacagaaagt 
gccagagaag gccgcacctg cattgtgatt 



agtgtccgtg gatcacaagc ccaagacaga 2040 
agtatacctc cagtttcctt ttggaggatt 2100 
tttgttgttg gtgtattttg tgccattata 2160 
atattttcaa agattatagg ggtttttaca 2220 
aatagtaact tgttttcact: attgtttcta 2280 
ttccttcaag gtttcacatt tggcaaagct 2340 
atggttttcc gatccatgct cagacaggat 2400 
actggagcat tgactaccag gctcgccaat 2460 
tccaggcttg ctgtaattac ccagaatata 2520 
ttcatctatg gttggcaact aacactgtta 2580 
gcaggagttg ttgaaatgaa aatgttgtct 2640 
gaaggtgctg ggaagatcgc tactgaagca 2700 
actcaggagc agaagtttga acatatgtat 2760 
tctttgagga aagcacacat ctttggaatt 2 82 0 
ttttcctatg ctggatgttt ccggtttgga 2880 
tttgaggatg ttctgttagt attttcagct 2940 
gtcagttcat: ttgctcctga ctatgccaaa 3 000 
atcattgaaa aaaccccttt gattgacagc 3 060 
ttggaaggaa atgtcacatt tggtgaagtt 312 0 
ccagtgcttc agggactgag cccggaggtg 3180 
agcagtggct gtgggaagag cacagtggtc 3240 
gcagggaaag tgctgcttga tggcaaa^aa 3300 
gcacacctgg gcatcgtgtc ccaggagccc 3 3 60 
attgcctatg gagacaacag ccgggtggtg 3420 
gaggccaaca tacatgcctt catcgagcca 3480 
gacaaaggaa ctcagctctc tggtggccag 3540 
gttagacagc ctcatatttt gcttttggat 3600 
gaaaaggttg tccaagaagc cctggacaaa 3660 
gctcaccgcc tgtccaccat ccagaatgca 3720 
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gacttaatag tggtgtttca gaatggcaga 
ctggcacaga aaggcatcta tttttcaatg 
tgaactctgg ttaactccac 



gtcaaggagc atggcacgca tcagcagctg 3780 
gtcagtgticc aggctggaac aaagcgccag 3840 

3860 



<210> 4 
<211> 1280 
<212> PRT 

<213> HUMAN MDR 185-V 



<400> 4 

Met Asp Leu Glu Gly 

1 5 

Phe Lys Leu Asr; Asn 
20 

Thr Val Ser Val Phe 
35 

Leu Tyr Met Val Val 
50 

Leu Pro Leu Met Met 
65 



Asp Arg Asn Gly Gly Ala 
10 

Lys Ser Glu Lys Asp Lys 
^25 

Ser Met Phe Arg Tyr Ser 
40 

Gly Thr Leu Ala Ala lie 
55 

Leu Val Phe Gly Glu Met 
70 75 



Lys Lys Lys Asn Phe 
15 

Lys Glu Lys Lys Pro 
30 

Asn Trp Leu Asp Lys 
45 

He His Gly Ala Gly 
60 

Thr Asp He Phe Ala 
80 



Asn Ala Gly Asn Leu Glu Asp Leu Met Ser Asn He Thr Asn Arg Ser 
85 90 95 



Asp He Asn Asp Thr Gly Phe Phe Met Asn Leu Glu Glu Asp Met Thr 
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100 



105 



110 



Arg Tyr Ala Tyr Tyr Tyr Ser Gly He Gly Ala Gly Val Leu Val Ala 
115 120 125 



Ala Tyr He Gin 
130 

His Lys He Arg 
145 

Gly Trp Phe Asp 

Asp Asp Val Ser 
180 



Val Ser Phe Trp 
135 

Lys Gin Phe Phe 
150 

Val His Asp Val 
165 

Lys He Asn Glu 



Cys Leu Ala Ala 
140 

His Ala He Met 
155 

Gly Glu Leu Asn 
170 

Val He Gly Asp 
185 



Gly Arg Gin He 

Arg Gin Glu He 
160 

Thr Arg Leu Thr 
175 

Lys He Gly Met 
190 



Phe Phe Gin Ser Met Ala Thr Phe Phe Thr Gly Phe He Val Gly Phe 
195 200 205 

Thr Arg Gly Trp Lys Leu Thr Leu Val He Leu Ala He Ser Pro Val 
210 215 220 

Leu Gly Leu Ser Ala Ala Val Trp Ala Lys He Leu Ser Ser Phe Thr 

29^ 230 235 240 



Asp Lys Glu Leu Leu Ala Tyr Ala Lys Ala Gly Ala Val Ala Glu Glu 
245 250 255 
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Val Leu Ala Ala 
260 

Glu Leu Glu Arg 
275 

He Lys Lys Ala 
290 

Leu He Tyr Ala 
305 

Val Leu Ser Gly 

Ser Val Leu He 
340 

Glu Ala Phe Ala 
355 

He Asp Asn Lys 
370 

Fro Asp Asn He 
385 



He Arg Thr Val 

Tyr Asn Lys Asn 
280 

He Thr Ala Asn 
295 

Ser Tyr Ala Leu 
310 

Glu Tyr Ser He 
325 

Gly Ala Phe Ser 

Asn Ala Arg Gly 
360 

Pro Ser He Asp 
375 

Lys Gly Asn Leu 
390 



He Ala Phe Gly 
265 

Leu Glu Glu Ala 

He Ser He Gly 
300 

Ala Phe Trp Tyr 
315 

Gly Gin Val Leu 
330 

Val Gly Gin Ala 
345 

Ala Ala Tyr Glu 

Ser Tyr Ser Lys 
380 

Glu Phe Arg Asn 
395 



Gly Gin Lys Lys 
270 

Lys Arg He Gly 
285 

Ala Ala Phe Leu 

Gly Thr Thr Leu 
320 

Thr Val Phe Phe 
335 

Ser Pro Ser He 
350 

He Phe Lys He 

365 

Ser Gly His Lyi 

Val His Phe Ser 
400 



Tyr Pro Ser Arg Lys Glu Val Lys He Leu Lys Gly Leu Asn Leu Lys 
405 410 415 
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Val Gin Ser Gly Gin Thr Val Ala Leu Val Gly Asn Ser Gly Cys Gly 
420 425 430 

Lys Ser Thr Thr Val Gin Leu Met Gin Arg Leu Tyr Asp Pro Thr Glu 
435 440 445 

Gly Met val Ser Val Asp Gly Gin Asp He Arg Thr He Asn Val Arg 
450 455 460 



Phe 



Leu Arg Glu He He Gly Val Val Ser Gin Glu Pro Val Leu Phe 



465 470 475 480 



Ala Thr Thr Ile^Ala Glu Asn He Arg Tyr Gly Arg Glu Asn Val Thr 
485 , 490 495 

Met Asp Glu He Glu Lys Ala Val Lys Glu Ala Asn Ala Tyr Asp Phe 
500 505 510 

He Met Lys Leu Pro His Lys Phe Asp Thr Leu Val Gly Glu Arg Gly 
515 520 525 

Ala Gin Leu Ser Gly Gly Gin Lys Gin Arg He Ala He Ala Arg Ala 
530 535 540 

Leu Val Arg Asn Pro Lys He Leu Leu Leu Asp Glu Ala Thr Ser Ala 
545 550 555 560 

Leu Asp Thr Glu Ser Glu Ala Val Val Gin Val Ala Leu Asp Lys Ala 

18 
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565 



570 575 



Arg Lys Gly Arg Thr Thr He Val He Ala His Arg Leu Ser Thr Val 
580 585 590 

Arg Asn Ala Asp Val He Ala Gly Phe Asp Asp Gly Val He Val Glu 
595 600 605 

Lys Gly Asn His Asp Glu Leu Met Lys Glu Lys Gly He Tyr Phe Lys 
610 615 620 

Leu Val Thr Met Gin Thr Ala Gly Asn Glu Val Glu Leu Glu Asn Ala 
625 630 635 640 

Ala Asp Glu ser Lys Ser Glu He Asp Ala Leu Glu Met Ser Ser Asn 
645 650 6B5 

Asp Ser Arg Ser Ser Leu He Arg Lys Arg Ser Thr Arg Arg Ser Val 
660 665 670 

Arg Gly Ser Gin Ala Gin Asp Arg Lys Leu Ser Thr Lys Glu Ala Leu 
675 680 685 

Asp Glu Ser He Pro Pro Val Ser Phe Trp Arg He Met Lys Leu Asn 

690 695 700 

Leu Thr Glu Trp Pro Tyr Phe Val Val Gly Val Phe Cys Ala He He 
705 710 715 720 
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Asn Gly Gly Leu Gin Pro Ala Phe Ala He He Phe Ser Lys He He 
725 730 735 



Gly Val Phe Thr Arg He Asp Asp Pro Glu Thr Lys Arg Gin Asn Ser 



740 



745 



750 



Asn Leu Phe Ser Leu Leu Phe Leu Ala Leu Gly He He Ser Phe He 

760 765 



755 



Phe Gly Lys Ala Gly Glu He Leu 

770 



Thr Phe Phe Leu Gin Gly Phe Thr 

775 780 



Arg Leu Arg Tyr Met Val Phe Arg Ser Met Leu Arg Gin Asp 
, 790 



Thr Lys 



Val Ser Trp 



Phe Asp ASP Pro Lys Asn Thr Thr Gly Ala Leu Thr Thr 
805 810 81B 



Arg Leu Ala Asn Asp Ala Ala Gin Val Lys Gly Ala He Gly Ser Arg 
820 825 830 



Leu Ala val He Thr Gin Asn He Ala Asn Leu Gly Thr Gly He He 
835 840 845 



He Ser Phe He Tyr G\y 
850 



Iv Trp Gin Leu Thr Leu Leu Leu Leu Aia He 



855 860 



Val Pro He He Ala He Ala Gly Val Val Glu Met Lys Met Leu Ser 
865 

20 
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Gly Gin Ala Leu Lys Asp Lys Lys Glu Leu Glu Gly Ala Gly Lys He ^ 
885 890 895 

Ala Thr Glu Ala He Glu Asn Phe Arg Thr Val Val Ser Leu Thr Gin 
900 905 910 

Glu Gin Lys Phe Glu His Met Tyr Ala Gin Ser Leu Gin Val Pro Tyr 
915 920 925 

Arg Asn Ser Leu Arg Lys Ala His He Phe Gly He Thr Phe Ser Phe 
930 935 940 

Thr Gin Ala Met Met Tyr Phe Ser Tyr Ala Gly Cys Phe Arg Phe Gly 

Qcn ' 955 960 

945 950 

Ala Tyr Leu Val Ala His Lys Leu Met Ser Phe Glu Asp Val Leu Leu 
965 970 975 

val Phe Ser Ala Val Val Phe Gly Ala Met Ala Val Gly Gin Val Ser 
980 985 990 

Ser Phe Ala Pro Asp Tyr Ala Lys Ala Lys He Ser Ala Ala His He 

995 1000 1005 

He Met He He Glu Lys Thr Pro Leu He Asp Ser Tyr Ser Thr Glu 
1010 1015 1020 

Gly Leu Met Pro Asn Thr Leu Glu Gly Asn Val Thr Phe Gly Glu Val 

21 
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imt: 1040 
1025 ^030 1035 



Val Phe Asn Tyr Pro Thr Arg Pro Asp He Pro Val Leu Gin Gly Leu 
1045 1050 1055 

Ser Leu Glu Val Lys Lys Gly Gin Thr Leu Ala Leu Val Gly Ser Ser 
1060 1065 1070 

Gly Cys Gly Lys Ser Thr Val Val Gin Leu Leu Glu Arg Phe Tyr Asp 
1075 1080 1085 

Pro Leu Ala Gly Lys Val Leu Leu Asp Gly Lys Glu He Lys Arg Leu 
1090 1095 1100 

Asn val Gin Trp Leu Arg Ala His Leu Gly He Val Ser Gin Glu Pro 
1105 1110 1115 1120 

He Leu Phe Asp Cys Ser He Ala Glu Asn He Ala Tyr Gly Asp Asn 
1125 1130 1135 

Ser Arg Val Val Ser Gin Glu Glu He Val Arg Ala Ala Lys Glu Ala 
1140 1145 1150 

Tip ^er Leu Pro Asn Lvs Tyr Ser Thr Lys 

Asn i-Le ri-LSa . ii— J- -i. - — 

1155 1160 1165 

Val Gly ASP Lys Gly Thr Gin Leu Ser Gly Gly Gin Lys Gin Arg He 
1170 1175 1180 



22 



PCT/US99/11825 

WO 99/61589 

Ala Ila Ala Arg Ala Leu Val Arg Gin Pro His He Leu Leu Leu Asp 

'''' . 

Glu Ala Thr Ser Ala Leu Asp Thr Glu Ser Glu Lys Val Val Gin Glu 
1205 1210 1215 

Ala Leu ASP Lys Ala Arg Glu Gly Arg Thr Cys He Val He Ala His 
1220 1225 1230 

Arg Leu Ser Thr He Gin Asn Ala Asp Leu He Val Val Phe Gin Asn 
1235 1240 1245 

Gly Arg Val Lys Glu His Gly Thr His Gin Gin Leu Leu Ala Gin Lys 
1250 • 1255 1260 

Gly He Tyr Phe Ser Met Val Ser Val Gin Ala Gly Thr Lys Arg Gin 

mn 1275 1280 

1265 1270 ^^'^ 



<210> 5 

<211> 4189 

<212> DNA 

<213> MOUSE MDR-1 



<400> 5 

atggagtttg aagagaacct taagggaaga gcagacaaga acttctcgaa gatgggcaaa 60 
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aagagcaaaa aggagaagaa agaaaagaaa cctgccg.cg gcg.a.ttgg gatgtttcgc 120 
tatgcagatt ggctggacaa gccgtgcacg attctgggaa ctctcgctgc tattatccat ^180 
ggaacattac ctcccctctt gatgctggtg tttggaaaca tgacagatag ttttacaaaa 240 
gcagaagcca gtattccgcc aagcattact aancaaagtg gacccaacag tactctgatc 300 
atcagcaaca gcagcctgga ggaagagatg gccatatacg cctactatta caccgggatt 360 
ggtgctggtg cgctcacagt tgcctacatc caggtttcac tttggtgcct ggcagctgga 420 
agacagacac acaagaccag gcagaagttt ttccatgcta taatgaatca ggagataggc 480 
tggtctgatg cgcatgatgt tggggagctc aacacccggc tcacagatga tgtctccaaa 540 
attaatgacg gaattggtga caaaattggg atgttttttc agtccataac cacattttca 600 
gccggtttta tcataggatt tataagtggt cggaagctaa cccttgtcat tttggctgtc 660 
agccctctta ttggattgtc atctgctttg tgggcaaagg tatcgacttc atttactaat 720 
aaggaacccc aggcttatgc aaaagctgga gcagttgctg aagaagtctt agcagccatc 780 
agaaccgtga ttgcctttgg aggacaacag aaggaacttg aaaggtacaa taaaaattta 840 
gaagaagcta aaaatgttgg cataaagaaa gctatcacag ccagcatttc gataggcatt 900 
gcctacctgt tggtctatgc atcatatgca ctggcattct ggtatgggac atccttggtc 960 
ctctcaaacg aatattctat tggagaagtg cttactgtct tcttccctat tttgttgggg 1020 
acttttagta ttggacactt ggccccaaac atagaagcct ttgcaaacgc acgaggggca 1080 
gcctttgaaa tcttcaagat aattgataac gagccaagca ttgacagctt ctcaacaaag 1140 
ggctacaaac cagacagtat aatgggaaac ttagagttta aaaatgttca cttcaactac 1200 
ccatcgagaa gcgaagtcca gatcttgaag ggcctcaatc tgaaggtgaa gagcggacag 1260 
acggcggcct tggttggcaa cagtggctgt ggaaaaagca caaccgtcca gccgatgcag 1320 
aggctctacg accccctgga gggcgtggtc agtatcgacg gacaagacat cagaaccatc 1380 
aatgtgaggt atctgaggga gatcattggt gtggtgagtc aggaacctgt gctgtttgcc 1440 
accacgatcg ccgagaacat tcgctatggc cgagaagatg tcaccacgga tgagattgag 1500 
aaagctgtca aggaagccaa tgcctatgac cccatcatga aactgcccca ccaatttgac 1560 
accctggttg gtgagagagg ggcgcagctg agtgggggac agaaacagag aatcgccatt 1620 
gcccgggccc tggtccgcaa tcccaagatc ctttcgttgg acgaggccac ctcagccctg 1680 
gatacagaaa gtgaagctgt ggtgcaggcc gcactggata aggctagaga aggccggacc 1740 
accattgtga tagcccatcg cttgtctaca gttcgtaatg ccgacgtcat tgctggtttt 1800 
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gatggtggtg tcactgtgga gcaaggaaac catgatgagc tcatgagaga aaagggcatt 1860 
tacttcaaac ttgtcatgac acagaccaga ggaaatgaaa t.gaaccagg aaa.aatgcc ^1920 
tacgga.ccc agagtgacac tgatgcttct gaac.gacct cagaagaacc caaaccaccC 1980 
ttaataagga gatcaattta cagaagtgtc cacagaaagc aagaccaaga gagaagactt: 2040 
agtatgaaag aggctgtgga tgaaga.g.g cctctggCtt ccttt.ggcg gaccc.aaa. 2100 
ccaaa.ctaa gtgaatggcc ttatttactt gttggcgtac tttgcgctgt cataaatggg 2160 
tgcatacaac cagcgtttgc catagtattt tcaaggattg taggggtttt ttcaagagat 2220 
gatgaccatg aaactaaacg acagaattgt aa.ttg.tct ccctgttctt tctggttatg 2280 
gggctgattt cttttgtcac atatttcttt cagggcttca catttggcaa agccggagag 2340 
accctcacca agcgagtccg atacatggtt ttcaaatcca tgctgagaca ggatataagc 2400 
tggctcgatg accataagaa cagcactggc ccactgacca ccaggctcgc cagtgacgct 2460 
tctagtgtta aaggggcgat gggcgccagg cttgctgtag ctacccagaa tgcagcaaac 2520 
cccgggacag gagtcatccc ctccttagtc tatggctggc agctgacact tctacttgta 2580 
gtaattacac cgcCcactgt attgggcgga attattgaaa tgaagctgtt gtcCggccaa 2640 
gccttgaagg acaagaaaca gcttgagatc "tctgggaaga ttgctacaga agcaattgaa 2700 
aacttccgca ctattgtctc tttgactcgg gagcagaagt ttgaaaccat gtaCgcccag 2760 
agcttgcagg taccatacag aaatgcgatg aagaaagcac acgtgtttgg gatcacgttc 2820 
tccttcaccc aggccatgat gtatttttct tatgctgctt gtttccggtt cggtgcctac 2880 
ttggtggcac aacaactcat gacttttgaa aatgttacgt tggtattttc tgctgttgtc 2940 
tttggtgcca tggcagctgg gaatactagt tcatttgctc ctgactatgc gaaagccaaa 3000 
gtatcagcat ctcataccat caggatcatt gagaaaaccc ctgagattga oagctacagc 3060 
acagagggct tgaagcctac tctgttagaa ggaaatgtaa aatttaatgg agtccagttt 312 0 
aactatccca cccgacccaa catcccagtg cttcaggggc tgagcctcga ggtgaagaag 3180 
ggccagacgt tggccctggc gggcagcagt ggctgtggga agagcacagt ggtccagctg 3240 
ctcgagcgct tcracgaccc catggcrgga tcagtgtttc tagacggcaa agaaacaaag 3300 
caactgaatg tccagtggct ccgagctcac cttggcattg tgtcccagga gcccattctc 3360 
tttgactgca gcattgcaga gaacatcgcc tatggagaca acagccgggc cgtgtctcat 3420 
gaggagattg tgagggcagc caaggaggcc aacatccacc agttcatcga ctcact:gcct 3480 
gataaataca acaccagagt aggagacaaa ggcactcagc tgtcgggtgg gcagaagcag 3540 
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cgcatcgcca tcgcacgtgc cctcgtcaga 
acatcagctc tggatacaga aagtgaaaag 
gaaggccgca cctgcattgt gatcgctcac 
atcgtggtga ttgagaacgg caaagtcaag 
cagaagggca tctacttctc aatggtccag 
atctgaggtg ctaagtattt ttaatattgg 
aaggcaaggg ctgttaaagg taactccatc 
taaatgaacc aaaatcggaa acaaacaaac 
gccatgtttt taattgcatt acgtgattca 
tgtataattt tgtttcagtt tttaatttct 
gtaaaaagca ctatttctta aattgcctat 



cagcctcaca ttttacctct ggacgaagca 3600 
gttgtccagg aagcgctgga caaagccagg 3660 
cgcctgtcca ccatccagaa cgcggacttg 3720 
gagcacggca cccaccagca gctgctggcg 3780 
gctggagcaa agcgctcatg agctgtgact 3840 
tgtttaaaca tggcaccaaa ccaaagttaa 3900 
aagatgagaa gccttccgag actttgtaat 3960 
aaacaaacaa acaagccata gttaaacagg 4020 
taagagaaca tatagttttt taaaataaaa 4080 
accccacttt cttaaatgat tataaagatt 4140 
aaaaattaaa ttttcatat 4189 



<210> 6 

<211> 1276 

<212> PRT 

<213> MOUSE MDR-1 



<400> 6 

Met Glu Phe Glu Glu Asn Leu Lys 

1 5 



Lys Met Gly Lys Lys Ser Lys Lys 
20 



Val Gly Val Phe Gly Met Phe Arg 
35 40 



Cys Met lie Leu Gly Thr Leu Ala 
50 55 



Gly Arg Ala Asp Lys Asn Phe Ser 
10 15 

Glu Lys Lys Glu Lys Lys Pro Ala 
25 30 

T^yx Ala Asp Trp Leu Asp Lys Leu 
45 

Ala lie lie His Gly Thr Leu Leu 
60 
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Pro Leu Leu 



65 



Met Leu Val Phe Gly Asn Met Thr Asp Ser Phe Thr Lys 



70 



75 



80 



Ala 



Glu Ala ser He Leu Pro Ser He Thr Asn Gin Ser Gly Pro Asn 
85 90 95 



ser Thr Leu He He Ser Asn Ser Ser Leu Glu Glu Glu Met Ala He 
100 105 



Tyr Tyr Thr Gly He Gly Ala Gly Val Leu He Val Ala 

115 



Tyr Ala Tyr 

120 125 



Tyr 



He Gin val- Ser Leu Trp Cys Leu Ala Ala Gly Arg Gin He His 
130 135 - 



Gin Lys Phe Phe His Ala He Met Asn Gin Glu He Gly 
145 



Lys He Arg 



Trp Phe ASP Val His Asp Val Gly Glu Leu Asn Thr Arg Leu Thr Asp 
165 170 175 

ASP val ser Lys He Asn Asp Gly He Gly Asp Lys He Gly Met Phe 



180 



185 190 



Phe Gin ser He Thr Thr Phe Leu Ala Gly Phe He He Gly Phe He 

200 205 



195 



Gly Trp Lys Leu Thr Leu Val He Leu Ala Val Ser Pro Leu He 



Ser 
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210 215 220 

Gly Leu Ser Ser Ala Leu Trp Ala Lys Val Leu Thr Ser Phe Thr Asn 

225 230 235 240 



Lys Glu Leu Gin Ala Tyr Ala Lys Ala Gly Ala Val Ala Glu Glu Val 
245 250 255 



Leu Ala Ala lie Arg Thr Val He Ala Phe Gly Gly Gin Gin Lys Glu 
260 265 270 

Leu Glu Arg Tyr Asn Lys Asn Leu Glu Glu Ala Lys Asn Val Gly He 
275 280 285 

Lys Lys Ala He Thr Ala Ser He S^r He Gly He Ala Tyr Leu Leu 
290 295 300 

Val Tyr Ala Ser Tyr Ala Leu Ala Phe Trp Tyr Gly Thr Ser Leu Val 
305 310 315 320 

Leu Ser Asn Glu Tyr Ser He Gly Glu Val Leu Thr Val Phe Phe Ser 
325 330 335 



He Leu Leu Gly Thr Phe Ser He Gly His Leu Ala Pro Asn He Glu 

340 345 350 



Ala Phe Ala Asn Ala Arg Gly Ala Ala Phe Glu He Phe Lys He He 
355 360 365 
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Asp Asn Glu Pro 
370 

Asp Ser lie Met 
385 

Pro Ser Arg Ser 

Lys Ser Gly Gin 
420 

Ser Thr Thr Val 
435 

Val Val Ser He 
450 

Leu Arg Glu He 
465 

Thr Thr He Ala 

Asp Glu He Glu 
500 

Met Lys Leu Pro 
515 



Ser He Asp Ser 
375 

Gly Asn Leu Glu 
390 

Glu Val Gin He 
405 

Thr Val Ala Leu 

Gin Leu Met Gin 
440 

Asp Gly Gin Asp 
455 

He Gly Val Val 
470 

Glu Asn He Arg 
485 

Lys Ala Val Lys 

His Gin Phe Asp 
520 



Phe Ser Thr Lys 
380 

Phe Lys Asn Val 
395 

Leu Lys Gly Leu 
410 

Val Gly Asn Ser 
425 

Arg Leu Tyr Asp 

He Arg Thr He 
460 

Ser Gin Glu Pro 
475 

Tyr Gly Arg Glu 
490 

Glu Ala Asn Ala 
505 

Thr Leu Val Gly 

29 



Gly Tyr Lys Pro 

His Phe Asn Tyr 
400 

Asn Leu Lys Val 
415 

Gly Cys Gly Lys 
430 

Pro Leu Glu Gly 
445 

Asn Val Arg Tyr 

Val Leu Phe Ala 
480 

Asp Val Thr Met 
495 

Ty-r Asp Phe He 
510 

Glu Arg Gly Ala 
525 
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Gin Leu Ser Gly 
530 

Val Arg Asn Pro 
545 

Asp Thr Glu Ser 

Glu Gly Arg Thr 
580 

Asn Ala Asp VaX 
595 

Gly Asn His Asp 
610 

Val Met Thr Gin 
625 

Tyr Gly Ser Gin 

Ser Lys Ser Pro 
660 

Lys Gin Asp Gin 



Gly Gin Lys Gin 
535 

Lys lie Leu Leu 
550 

Glu Ala Val Val 
565 

Thr lie Val lie 

lie Ala Gly Phe 
600 

Glu Leu Met Arg 
615 

Thr Arg Gly Asn 
630 

Ser Asp Thr Asp 
645 

Leu lie Arg Arg 
Glu Arg Arg Leu 



Arg lie Ala lie 
540 

Leu Asp Glu Ala 
555 

Gin Ala Ala Leu 
570 

Ala His Arg Leu 
585 

Asp Gly Gly Val 

Glu Lys Gly lie 
620 

Glu lie Glu Pro 
635 

Ala Ser Glu Leu 
650 

Ser lie Tyr Arg 
665 

Ser Met Lys Glu 



Ala Arg Ala Leu 

Thr Ser Ala Leu 
560 

Asp Lys Ala Arg 
575 

Ser Thr Val Arg 
590 

He Val Glu Gin 
605 

Tyr Phe Lys Leu 

Gly Asn Asn Ala 
640 

Thr Ser Glu Glu 
655 

Ser Val His Arg 
670 

Ala Val Asp Glu 
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675 680 685 

Asp Val Pro Leu Val Ser Phe Trp Arg He Leu Asn Leu Asn Leu Ser 
690 695 700 



Glu Trp Pro Tyr Leu 
705 

Cys He Gin Pro Val 
725 



Leu Val Gly Val Leu Cys 
710 715 

Phe Ala He Val Phe Ser 

730 



Ala Val He Asn Gly 
720 

Arg He Val Gly Val 
735 



Phe Ser Arg Asp Asp Asp His Glu 
740 

Phe Ser Leu Phe Phe Leu Val Met 
755 760 



Thr Lys Arg Gin Asn Cys Asn Leu 
745 750 

Gly Leu He Ser Phe Val Thr Tyr 
765 



Phe Phe Gin Gly Phe Thr 
770 

Arg Val Arg Tyr Met Val 
785 790 



Phe Gly Lys Ala Gly 
775 

Phe Lys Ser Met Leu 
795 



Glu He Leu Thr Lys 
780 

Arg Gin Asp He Ser 
8 00 



Trp Phe Asp Asp His Lys Asn Ser Thr Gly Ser Leu Thr Thr Arg Leu 
805 SIO 815 



Ala Ser Asp Ala Ser Ser Val Lys Gly Ala Met Gly Ala Arg Leu Ala 
820 825 830 
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Val Val Thr Gin Asn Val Ala Asn Leu Gly Thr Gly Val He Leu Ser 
g35 840 845 

Leu Val Tyr Gly Trp Gin Leu Thr Leu Leu Leu Val Val lie He Pro 
850 855 860 



Leu 
865 



He val Leu Gly Gly He He Glu Met Lys Leu Leu Ser Gly Gin 
870 875 880 



Ala Leu Lys Asp Lys Lys Gin Leu Glu He Ser Gly Lys He Ala Thr 
885 890 895 

Glu Ala He Glu Asn Phe Arg Thr He Val Ser Leu Thr Arg Glu Gin 
900- 905 910 

Lys Phe Glu Thr Met Tyr Ala Gin Ser Leu Gin Val Pro Tyr Arg Asn 
915 920 925 

Ala Met Lys Lys Ala His Val Phe Gly He Thr Phe Ser Phe Thr Gin 
930 935 940 

Ala Met Met Tyr Phe Ser Tyr Ala Ala Cys Phe Arg Phe Gly Ala Tyr 
945 950 955 960 

Leu Val Ala Gin Gin Leu Met Thr Phe Glu Asn Val Met Leu Val Phe 
965 970 975 

Ser Ala Val Val Phe Gly Ala Met Ala Ala Gly Asn Thr Ser Ser Phe 
980 985 990 
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Ala Pro ASP Tyr Ala Lys Ala Lys Val Ser Ala Ser His He He Arg 
995 1000 1005 

He He Glu Lys Thr Pro Glu He Asp Ser Tyr Ser Thr Glu Gly Leu 
1010 1015 1020 

Lys Pro Thr Leu Leu Glu Gly Asn Val Lys Phe Asn Gly Val Gin Phe 
1025 1030 1035 1040 

Asn Tyr Pro Thr Arg Pro Asn He Pro Val Leu Gin Gly Leu Ser Leu 
1045 1050 1055 

Glu Val Lys Lys. Gly Gin Thr Leu Ala Leu Val Gly Ser Ser Gly Cys 
1060 1065 1070 

Gly Lys ser Thr Val Val Gin Leu Leu Glu Arg Phe Tyr Asp Pro Met 
1075 1080 1085 

Ala Gly Ser Val Phe Leu Asp Gly Lys Glu He Lys Gin Leu Asn Val 
1090 1095 1100 

Gin Trp Leu Arg Ala His Leu Gly He Val Ser Gin Glu Pro He Leu 
1105 1110 1115 1120 

Phe ASP Cys Ser He Ala Glu Asn He Ala Tyr Gly Asp Asn Ser Arg 
1125 1130 1135 

Ala Val Ser His Glu Glu He Val Arg Ala Ala Lys Glu Ala Asn He 
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1145 11^0 
1140 ^^^^ 



His Gin Phe He Asp Ser Leu Pro Asp Lys Tyr Asn Thr Arg Val Gly 
1155 1160 

ASP Lys Gly Thr Gin Leu Ser Gly Gly Gin Lys Gin Arg He Ala He 
1170 11-^5 1180 



Ala Arg Ala Leu Val Arg Gin Pro His He Leu Leu Leu Asp Glu Ala 

1190 1195 1200 

1185 



Thr ser Ala Leu Asp Thr Glu Ser Glu Lys Val Val Gin Glu Ala Leu 
1205 1210 1215 

* 

ASP Lys Ala Arg Glu Gly Arg Thr Cys He Val He Ala His Arg Leu 
1220 1225 1230 

ser Thr He Gin Asn Ala Asp Leu He Val Val He Glu Asn Gly Lys 
1235 1240 1245 

val Lys Glu His Gly Thr His Gin Gin Leu Leu Ala Gin Lys Gly He 
1250 1255 1260 



Tyr Phe Ser Met Val Gin Ala Gly Ala Lys Arg Ser 
1265 1270 1275 



<210> 7 
<211> 4788 
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<212> DNA 

<213> MOUSE MDR-3 



<400> 7 

atggaacttg aagaggaccn taagggaaga gcagacaaga acttctcaaa gacgggcaaa 60 
aagagtaaaa aggagaagaa agaaaagaaa ccagcagtca gtgtgcttac aatgtttcgt 120 
tatgcaggtt ggctagacag gttgtacatg ctggtgggaa ctctggctgc tattatccat 180 
ggagtggcgc tcccacttat gatgctgatc tttggtgaca tgacagatag ctttgcaagt 240 
gtaggaaacg tctctaaaaa cagtactaat atgagtgagg ccgataaaag agccatgttt 300 
gccaaactgg aggaagaaat gaccacgtac gcctactatt acaccgggat tggtgctggt 360 
gtgctcatag ttgcctacat ccaggtttca ttttggtgcc tggcagctgg aagacagata 420 
cacaagatca ggcagaagtt tcttcatgct ataatgaatc aggagatagg ctggtttgat 480 
gtgcatgacg ttggggagct caacacccgg ctcacagatg atgtttccaa aattaatgaa 540 
ggaattggtg acaa-aatcgg aatgttcttc caggcaatgg caacattttt tggnggtttt 600 
ataataggat ttacccgtgg ctggaagcta ^cccttgtga ttttggccat cagccctgtt 660 
cttggactgt cagctggtat ttgggcaaag atattgtctt catttactga taaggaactc 720 
catgcttatg caaaagctgg agcagttgct gaagaagtct tagcagccat cagaactgtg 780 
attgcgtttg gaggacaaaa gaaggaactt gaaaggtaca ataacaactt ggaagaagct 840 
aaaaggctgg ggataaagaa agctatcacg gccaacatct ccatgggtgc agcttttctc 900 
cttatctatg catcatatgc tctggcattc tggtatggga cttccttggt catctccaaa 960 
gaatactcta ttggacaagt gctcactgtc ttcttttccg tgttaattgg agcattcagt 1020 
gttggacagg catctccaaa tattgaagcc ttcgccaatg cacgaggagc agcttatgaa 1080 
gtcttcaaaa taattgataa taagcccagt atagacagct tctcaaagag tgggcacaaa 1140 
ccagacaaca tacaaggaaa tctggaattt aagaatattc acttcagtta cccatctcga 1200 
aaagaagttc agatcttgaa gggcctcaat ctigaaggtga agagcggaca gacggtggcc 1260 
ctggttggca acagtggctg tggaaaaagc acaactgtcc agctgatgca aaggctctac 1320 
gaccccctag atggcatggt cagtatcgac ggacaggaca tcagaaccat caatgtgagg 1380 
tatctgaggg agatcattgg tgtggtgagt caggaacctg tgctgtttgc caccacgatc 1440 
gccgagaaca ttcgctatgg ccgagaagat gtcaccatgg atgagattga gaaagccgtc 1500 
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aaggaagcca atgcctatga cttcatcatg aaactgcccc accaatctga caccctggtt 1560 
ggtgagagag gggcgcacgt gagtggggga cagaaacaga gaatcgccat tgcccgggcc 1620 
ctggtccgca atcccaagat ccttttgttg gacgaggcca cctcagccct ggatacagaa 1680 
agtgaagctg tggttcaggc cgcactggat aaggctagag aaggccggac caccattgtg 1740 
atagcrcatc gcttgcctac cgttcgtaat gctgacgtca ttgctggttt tgatggtggr 1800 
gtcattgtgg agcaaggaaa tcatgatgag ctcatgagag aaaagggcat ttacttcaaa 1860 
cttgtcatga cacagacagc aggaaatgaa attgaattag gaaatgaagc ttgnaaatct 1920 
aaggatgaaa ttgataattt agacatgtct tcaaaagatt: caggatccag tctaataaga 1980 
agaagatcaa ctcgcaaaag catctgtgga ccacatgacc aagacaggaa gcttagtacc 2040 
aaagaggccc tggatgaaga tgtacctcca gcttcctttt ggcggatcct gaagttgaat 2100 
tcaactgaat ggccttattt tgtggttggt atattctgtg ccataataaa tggaggctta 2160 
cagccagcat tctccgtaat attttcaaaa gttgcagggg tttttacaaa tggtggcccc 2220 
cctgaaaccc agcggcagaa cagcaacttg ttttccttgt tgtttctgat ccttgggatc 2280 
atttctttca ttacattttt tcttcagggc ttcacatttg gcaaagctgg agagatcctc 2340 
accaagcgac tccgatacat ggttttcaaa tccatgctga gacaggatgt gagctggttt 2400 
gatgacccta aaaacaccac cggagcactg accaccaggc tcgccaacga tgctgctcaa 2460 
gtgaaagggg ctacagggtc taggcttgct gtgattttcc agaacatagc aaatcttggg 2520 
acaggaatca tcatatccct aatctatggc tggcaactaa cacctttact cttagcaatt 2580 
gtacccatca ttgcgatagc tggagtggtt gaaatgaaaa tgttgtctgg acaagcactg 2640 
aaagataaga aggaactaga aggttctgga aagattgcca cggaagcaat tgaaaacttc 2700 
cgcactgttg tctctttgac tcgggagcag aagtttgaaa ccatgtatgc ccagagcttg 2760 
cagataccat acagaaatgc gatgaagaaa gcacacgtgt ttgggatcac gttctccttc 2820 
acccaggcca tgatgtattt ttcttatgct gcttgtttcc ggttcggtgc ctacttggtg 2880 
acacaacaac tcatgacttt tgaaaatgtt ctgttagtat tctcagctat tgtctttiggt 2940 
gccatggcag tggggcaggt cagttcattc gctcctgact atgcgaaagc aacagtgcca 3000 
gcatcccaca tcatcaggat cattgagaaa acccccgaga ttgacagcta cagcacgcaa 3060 
ggcctaaagc cgaatatgtt ggaaggaaat gtgcaattta gtggagtcgt gttcaactat 3120 
cccacccgac ccagcatccc agtgcttcag gggctgagcc ttgaggtgaa gaagggccag 3180 
acgctggccc tggtgggcag cagtggctgc gggaagagca cagtggtcca gctgctcgag 3240 
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cgcttctacg accccatggc tggatcagcg tttccagatg gcaaagaaat aaagcaactg 3300 
aatgtccagt ggctccgagc acagctgggc attgtgtccc aagagcccat tctctttgac 3360 
cgcagcatcg cagagaacat tgcctacgga gacaacagcc gggtcgtgtc ttatgaggag 3420 
attgcgaggg cagccaagga ggccaacatc caccagttca tcgactcgcc acctgataaa 3480 
tacaacacca gagtaggaga caaaggcact cagctgtcgg gtgggcagaa gcagcgcatc 3540 
gccatcgcac gcgccctcgc cagacagcct cacattttac ttccggacga agcaacatca 3600 
gctctggaca cagaaagtga aaaggttgtc caggaagcgc tggacaaagc cagggaaggc 3660 
cgcacctgca ttgtgatcgc tcaccgcctg tccaccatcc agaacgcgga cttgatcgtg 3720 
gtgattcaga acggcaaggt caaggagcac ggcacccacc agcagctgct ggcgcagaag 3780 
ggcatctact tctcaatggt cagtgtgcag gctggagcaa agcgctcatg aactgtgacc 3840 
atgcaagatg ttaagtattt ttattgtttg tattcatata tggtgtttaa tccaagtcaa 3 9 00 
aaggaaaaca cttactaaaa cagccagtta tctattttct gccacagtgg aaagcattta 3960 
gtttggttta gagtcttcag aggctttgta attaaaaaaa caaaaataga tacagcacca 4020 
aatggagatt aatgstttaa aatgcactat aaaatttata aaagggttaa aagtgaatgt 4080 
ttgataatat atacttttat ttatactttc tcatttgtaa ctataactga tttctgctta 4140 
acaaattatg tatgtatcaa aaattactga aatgtttgta taaagtatat atagtgaaac 42 00 
tgagcattca tatttttgag ttattttgct caaatgcatg cgaaattata tattgtccca 42 60 
actgggatat tgtacataat tttagccttt aaaaaacagt ccattactgg ggggaggggg 4320 
catcactcta tgggcaaagt gttactcaga catgggcacc tgagttcaga tccctaccac 4380 
ctaagtaagc agacaaggtg tggtgttttt gtaatgccag tgctagaggc agaaaagaca 4440 
gatcctgcag gctcagtggc cggccaaaca gcctagccaa catagcgcgt cccaggttca 4500 
gtgagaaaac ttgtctcaaa aatcagaggg aaaagcaaat gaggtgtcag ccatgtg<^:ac 4560 
tcatgcaaat gccatacatg cagaagtatg tgcacacaca cgcacacatt aaccaacgac 4620 
tagcaaggaa aatgaaggtg gataagaggg gtgggactgg gacaaaggag ggtacctgga 468 0 
tgaatatgac tgaaggacgt tatgtacaca tatgaaaacg tcgtactgaa actcactaca 4740 
atgtatactt aatatattgc taataaaata tttttaaaag aaaaaaat 478 8 

<210> 8 
<211> 1276 
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<212> PRT 

<213> MOUSE MDR-3 

<400> 8 

Met Glu Leu Glu Glu Asp Leu Lys Gly Arg Ala Asp Lys Asn Phe Ser 
1 5 10 15 

Lys Met Gly Lys Lys Ser Lys Lys Glu Lys Lys Glu Lys Lys Pro Ala 
20 25 30 

Val Ser Val Leu Thr Met Phe Arg Tyr Ala Gly Trp Leu Asp Arg Leu 
35 40 45 

Tyr Met Leu Val. Gly Thr Leu Ala Ala lie lie His Gly Val Ala Leu 
50 55 ' 60 

Pro Leu Met Met Leu lie Phe Gly Asp Met Thr Asp Ser Phe Ala Ser 
65 70 75 80 

Val Gly Asn Val Ser Lys Asn Ser Thr Asn Met Ser Glu Ala Asp Lys 
85 90 95 

Arg Ala Met Phe Ala Lys Leu Glu Glu Glu Met Thr Thr Tyr Ala Tyr 
100 105 110 

Tyr Tyr Thr Gly lie Gly Ala Gly Val Leu lie Val Ala Tyr lie Gin 
115 120 125 

Val Ser Phe Trp Cys Leu Ala Ala Gly Arg Gin lie His Lys lie Arg 
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130 

Gin Lys Phe Phe 
145 

Val His Asp Val 

Lys lie Asn Glu 
180 

Met Ala Thr Phe 
195 

Lys Leu Thr Leu 
210 

Ala Gly lie Trp 
225 

His Ala Tyr Ala 

lie Arg Thr Val 

260 

Tyr Asn Asn Asn 
275 



135 

His Ala He Met 
150 

Gly Glu Leu Asn 
165 

Gly He Gly Asp 

Phe Gly Gly Phe 
200 

Val He Leu Ala 
215 

Ala Lys He Leu 
230 

Lys Ala Gly Ala 
245 

He Ala Phe Gly 

Leu Glu Glu Ala 
280 



140 

Asn Gin Glu He 
155 

Thr Arg Leu Thr 
170 

Lys He Gly Met 
185 

He He Gly Phe 

lie Ser Pro Val 
220 

Ser Ser Phe Thr 
235 

Val Ala Glu Glu 
250 

Gly Gin Lys Lys 
265 

Lys Arg Leu Gly 



Gly Trp Phe Asp 
160 

Asp Asp Val Ser 
175 

Phe Phe Gin Ala 
190 

Thr Arg Gly Trp 
205 

Leu Gly Leu Ser 

Asp Lys Glu Leu 
240 

Val Leu Ala Ala 
255 

Glu Leu Glu Arg 

270 

He Lys Lys Al a 
285 
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lie Thr Ala Asn 
290 

Ser Tyr Ala Leu 
305 

Glu Tyr Ser lie 

Gly Ala Phe Ser 
340 

Asn Ala Arg Gly 
355 

Pro Ser lie Asp 
370 

Gin Gly Asn Leu 
385 

Lys Glu Val Gin 

Gin Thr Val Ala 
420 

Val Gin Leu Met 
435 



He Ser Met Gly 
295 

Ala Phe Trp Tyr 
310 

Gly Gin Val Leu 
325 

Val Gly Gin Ala 

Ala Ala Tyr Glu 
360 

Ser Phe Ser Lys 
375 

Glu Phe Lys Asn 
390 

He Leu Lys Gly 
405 

Leu Val Gly Asn 

Gin Arg Leu Tyr 
440 



Ala Ala Phe Leu 
300 

Gly Thr Ser Leu 
315 

Thr Val Phe Phe 
330 

Ser Pro Asn He 
345 

Val Phe Lys He 

Ser Gly His Lys 
380 

He His Phe Ser 
395 

Leu Asn Leu Lys 
410 

Ser Gly Cys Gly 
425 

Asp Pro Leu Asp 
40 



Leu He Tyr Ala 

Val He Ser Lys 
320 

Ser Val Leu He 
335 

Glu Ala Phe Ala 

350 

He Asp Asn Lys 
365 

Pro Asp Asn He 

Tyr Pro Ser Arg 
400 

Val Lys Ser Gly 
415 

Lys Ser Thr Thr 
430 

Gly Met Val Ser 
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lie Asp Gly Gin 
450 

lie lie Gly Val 
465 

Ala Glu Asn lie 

Glu Lys Ala Val 

500 

Pro His Gin Phe 
515 

Gly Gly Gin Lys 
530 

Pro Lys lie Leu 
545 

Ser Glu Ala Val 

Thr Thr He Val 
580 

Val He Ala Gly 



Asp He Arg Thr 
455 

Val Ser Gin Glu 
470 

Arg Tyr Gly Arg 
485 

Lys Glu Ala Asn 

Asp Thr Leu Val 
520 

Gin Arg He Ala 
535 

Leu Leu Asp Glu 
550 

Val Gin Ala Ala 

565 

He Ala His Arg 
Phe Asp Gly Gly 



He Asn Val Arg 
460 

Pro Val Leu Phe 
475 

Glu Asp Val Thr 
490 

Ala Tyr Asp Phe 
505 

Gly Glu Arg Gly 

He Ala Arg Ala 
540 

Ala Thr Ser Ala 
555 

Leu Asp Lys Ala 

570 

Leu Ser Thr Val 
585 

Val He Val Glu 



Tyr Leu Arg Glu » 

Ala Thr Thr He 
480 

Met Asp Glu He 
495 

He Met Lys Leu 
510 

Ala His Val Ser 
525 

Leu Val Arg Asn 

Leu Asp Thr Glu 

560 

Arg Glu Gly Arg 

57 5 

Arg Asn Ala Asp 
590 

Gin Gly Asn His 
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595 600 605 

Asp Glu Leu Met Arg Glu Lys Gly lie Tyr Phe Lys Leu Val Met Thr 
610 615 620 

Gin Thr Ala Gly Asn Glu lie Glu Leu Gly Asn Glu Ala Cys Lys Ser 
625 630 635 640 

Lys Asp Glu lie Asp Asn Leu Asp Met Ser Ser Lys Asp Ser Gly Ser 
645 650 655 

Ser Leu lie Arg Arg Arg Ser Thr Arg Lys Ser lie Cys Gly Pro His 

660 665 670 

« 

Asp Gin Asp Arg Lys Leu Ser Thr Lys Glu Ala Leu Asp Glu Asp Val 
675 680 685 

Pro Pro Ala Ser Phe Trp Arg He Leu Lys Leu Asn Ser Thr Glu Trp 
690 695 700 

Pro Tyr Phe Val Val Gly He Phe Cys Ala He He Asn Gly Gly Leu 
705 710 715 720 

Gin Pro Ala Phe Ser Val He Phe Ser Lys Val Val Gly Val Phe Thr 
725 730 735 

Asn Gly Gly Pro Pro Glu Thr Gin Arg Gin Asn Ser Asn Leu Phe Ser 
740 745 750 
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Leu Leu Phe Leu lie Leu Gly lie He Ser Phe He Thr Phe Phe Leu 
755 760 765 

Gin Gly Phe Thr Phe Gly Lys Ala Gly Glu He Leu Thr Lys Arg Leu 
770 775 780 



Arg Tyr Met Val Phe Lys Ser Met Leu Arg Gin Asp Val Ser Trp Phe 
785 790 795 800 



Asp Asp Pro Lys Asn Thr Thr Gly Ala Leu Thr Thr Arg Leu Ala Asn 
805 810 815 



Asp Ala Ala Gin Val Lys Gly Ala Thr Gly Ser Arg Leu Ala Val He 
820- 825 830 



Phe Gin Asn He Ala Asn Leu Gly Thr Gly He He He Ser Leu He 
835 840 845 



Tyr Gly Trp Gin Leu Thr Leu Leu Leu Leu Ala He Val Pro He He 

850 855 860 

Ala He Ala Gly Val Val Glu Met Lys Met Leu Ser Gly Gin Ala Leu 

865 870 875 880 



Lys Asp Lys Lys Glu Leu Glu Gly Ser Gly Lys He Ala Thr Glu Ala 
885 890 895 



He Glu Asn Phe Arg Thr Val Val Ser Leu Thr Arg Glu Gin Lys Phe 
900 905 910 
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Glu Thr Met Tyr Ala Gin Ser Leu Gin lie Pro Tyr Arg Asn Ala Met 
915 920 925 

Lys Lys Ala His Val Phe Gly lie Thr Phe Ser Phe Thr Gin Ala Met 
930 935 940 

Met Tyr Phe Ser Tyr Ala Ala Cys Phe Arg Phe Gly Ala Tyr Leu Val 
945 950 955 960 

Thr Gin Gin Leu Met Thr Phe Glu Asn Val Leu Leu Val Phe Ser Ala 
965 970 975 

He Val Phe Gly Ala Met Ala Val Gly Gin Val Ser Ser Phe Ala Pro 
980 985 990 

Asp Tyr Ala Lys Ala Thr Val Ser Ala Ser His He He Arg He He 
995 1000 1005 

Glu Lys Thr Pro Glu He Asp Ser Tyr Ser Thr Gin Gly Leu Lys Pro 
1010 1015 1020 

Asn Met Leu Glu Gly Asn Val Gin Phe Ser Gly Val Val Phe Asn Tyr 
1025 1030 1035 1040 

Pro Thr Arg Pro Ser He Pro Val Leu Gin Gly Leu Ser Leu Glu Val 
1045 1050 1055 

Lys Lys Gly Gin Thr Leu Ala Leu Val Gly Ser Ser Gly Cys Gly Lys 
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1060 1065 1070 

Ser Thr Val Val Gin Leu Leu Glu Arg Phe Tyr Asp Pro Met Ala Gly 
1075 1080 1085 

Ser Val Phe Leu Asp Gly Lys Glu lie Lys Gin Leu Asn Val Gin Trp 
1090 1095 1100 

Leu Arg Ala Gin Leu Gly lie Val Ser Gin Glu Pro lie Leu Phe Asp 
1105 1110 1115 1120 

Cys Ser lie Ala Glu Asn lie Ala Tyr Gly Asp Asn Ser Arg Val Val 
1125 1130 1135 

Ser Tyr Glu Glu lie Val Arg Ala Ala Lys Glu Ala Asn lie His Gin 
1140 1145 1150 

Phe lie Asp Ser Leu Pro Asp Lys Tyr Asn Thr Arg Val Gly Asp Lys 
1155 1160 1165 

Gly Thr Gin Leu Ser Gly Gly Gin Lys Gin Arg lie Ala lie Ala Arg 
1170 1175 1180 

Ala Leu Val Arg Gin Pro His lie Leu Leu Leu Asp Glu Ala Thr Ser 
1185 1190 1195 1200 

Ala Leu Asp Thr Glu Ser Glu Lys Val Val Gin Glu Ala Leu Asp Lys 
1205 1210 1215 
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1220 1225 

He Gin Asn Ala Asp Leu He Val Val 
1235 1240 

Glu His Gly Thr His Gin Gin Leu Leu 
1250 1255 

Ser Met Val Ser Val Gin Ala Gly Ala 
1265 1270 
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He Ala His Arg Leu Ser Thr 
1230 



He Gin Asn Gly Lys Val Lys 
1245 



Ala Gin Lys Gly He Tyr Phe 
1260 



Lys Arg Ser 

1275 
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